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during camera readout so as to increase their intensity while 
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during camera readout to prevent feedback glare from 
interfering with image capture by a highly sensitive image 
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SYSTEMS AND COMPONENTS FOR sigoal lamp assembly according to the present invention 

ENHANCING REAR VISION FROM A comprises a support structure for mounting to a vehicle, a 

VEHICLE lens mounted to the support structure, a first set of LEDs 

moimted to the support structure behind the lens, and a 

CROSS-REFERENCE TO RELATED 5 second set of LEDs mounted to the support structure behind 

APPLICATIONS the lens. The first set of LEDs is activated in response to a 

^. .... OTTO first activation signal such that colored light is emitted from 

■Tiis appLcation is a coDhnuaUon-in-part of U^S Patcn' ^^^^ ^^ „f lED^ selectively activated io 

^^51^. i'y. o ^ , ni^u n u n . !<> ^^10 light is emitted from the lens. 

DIODES, filed on Sep. 4, 1998, by Robert R.T\imbiilletaL, » f,... , , 

nowU.S. Pat No. 6,132,072, which is a continuation of U.S. ^ ^^'^^ present mvent.on is o provide 

patent appUcation Ser. No. 08/664,055. filed on Jun. 6. 1996. *° '"'^mg system for enabling images to the rear 

nowU.S Pat. No. 5.803,579, the entire disclosures of which f the vehicle to be capmred with a camera and displayed to 

are incorporated herein by reference. „ <'".^« ?° » "^^P'^y f Another aspect of the present 

15 invention is to mount the camera of the imaging system to 

BACKGROUND OF THE INVENTION ^® ^^^^ ^ vehicle in a location that is relatively covert and 

aesthetically pleasing, and that is very practical and eco- 

TTic present invention generally relates to systems and nomical from a manufacturing stand point, 

devices for enhancing rear vision from a vehicle. More ^^^^^ ^^esc and other aspects and advantages, an 

specifically, the present invention relates to vehicle exterior 20 electronic imaging system according to the present invention 

ilhimination systems, vehicle visual signaling systems, and/ comprises a support structure for mounting to the rear of a 

or electronic rear vision systems. vehicle, a lens mounted to the support structure, a plurality 

Privacy gjass has recently become a very popular option of LEDs mounted to the support structure behind the lens, 

for vehicles due to its aesthetic appearance, reduction of and a camera mounted to the support structure behind the 

solar loading, and due to a belief that the privacy glass 25 j^ns for capturing images to the rear of the vehicle for 

provides some detenrence to a carjacker who consequenUy display to a vehicle operator. The LEDs are selectively 

cannot see who the driver is, who else may be in the vehicle, activated in response to an activation signal such that 

or whether there may be a dog in the vehicle. The use of radiation is emitted from the lens in a rearward direction 

privacy glass, however, introduces many safety concerns. from the vehicle. 

Currendy, privacy glass is allowed on all vehicle windows, ^^^^^^ ^ ^ the present invention is to integrate 
with the exception of the front windshield and the side ^ ^^^^^ ^ ^^^^j^ ^^^^^^ ^^^^^ ^^^^^^^ 
windows of the driver and front passenger. Typical privacy ^^^^^^^ component to thereby enable such cameras to be 
glass has only 15 to 20 percent transmittance. When such ^^^^ ^^^^y installed in a vehicle. To achieve this and other 
privacy glass is used on the rear window of a vehicle, the ^p^^^^ advantages, a modular integrated vehicle rear 
driver's vision through the rear wmdow is significantly window assembly according to the present invention corn- 
impaired, particularly at night. Because the back-up lights ^^^^^ ^ ^^^^ ^-^^^^ ^ ^^^^^^ The camera may be 
on a vehicle do not provide sufficient illumination to the rear mounted to an inner surface of the rear window so as to 
of the vehicle to counter the effects of the privacy glass, the ^^^^^^ ^ ^^^^^ ^^^^^^ ^^^^^^ ^^^^ 
use of pnvacy glass significantly increases the nsk that a vvindow or the camera may be mounted to a window frame 
driver wiU accidentally back into or run over somethmg or ^^^^ ^^^^^ j^^^, window is mounted, 
someone. Therefore, there exists a need for practical systems ^ . . ^- ■ . -j 
and/or devices that enhance a driver's rear vision ftom Yet smother aspect of the present mvenhon is to provide 
within a vehicle having privacy glass. » system that has an enhaiiced abihty to 
^ ^ ^ capture images to the rear of the vehicle whether dnving 
SUMMARY OF THE INVENTION 45 fo^w^ down the road or backing up. To achieve this aspect 

and other aspects and advantages, a vehicle imaging system 

Accordingly, it is an aspect of the present invention to according to the present invention comprises a camera for 

solve the above problems by providing a vehicle lamp capturing an image, a radiation source for emitting radiation 

assembly for providing additional illumination to the rear of to which the camera is sensitive within the field of view of 

a vehicle. An additional aspect of the present invention is to jq the camera, and a controller coupled to the camera and the 

provide a vehicle lamp assembly that is relatively inexpen- radiation source for reading the image captured by the 

sive and does not require frequent replacement of the light camera at periodic intervals and for periodically activating 

source, the radiation source during intervals at which the controller 

To achieve these and other aspects and advantages, a is reading the image from the camera. The radiation source 

vehicle lamp assembly constructed in accordance with the 55 may emit infrared radiation while the vehicle is driving 

present invention comprises a support structure for mount- forward down a road, and/or may emit visible light when the 

ing to the rear of a vehicle, a lens mounted to the support vehicle is backing up. 

structure, and a plurality of LEDs mounted to the support Another aspect of the present invention is to reduce the 

structure behind the lens. The LEDs are selectively activated adverse effects a signal light or illumination light may have 

in response to an activation signal such that substantially eo on a camera that is mounted proximate to the lights. Tb 

white light is emitted from the lens in a rearward direction achieve this and other aspects and advantages, a lighting and 

from the vehicle. electronic imaging system according to the present invention 

Another aspect of the present invention is to provide a comprises a light source mounted to the vehicle, a camera 

vehicle lamp assembly that provides supplemental illumi- moimted to the vehicle for capturing images for display to a 

nation while also emitting colored light that may serve as a 65 vehicle operator, and a controller coupled to the camera and 

signal light, such as a brake light or turn signal light. To to the light source for reading the image captured by the 

achieve this and other aspects and advantages, a vehicle camera at periodic intervals and for periodically activating 
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the light source during those intervals when the controller is 
not reading images captured by the camera. 

These and other features, advantages, and objects of the 
present invention will be further understood and appreciated 
by those skilled in the art by reference to the following ^ 
specification, claims, and appended drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 
In the drawings: 

FIG. 1 is an electrical circuit diagram in block form 
illustrating the system constructed in accordance with the 
present invention; 

FIG. 2 is an electrical circuit diagram in block form 
illustrating an electronic vehicle vision subsystem that may 15 
be used in the system of the present invention; 

FIG. 3 is a timing diagram illustrating the relation 
between the reading of images from a sensor array and the 
on/off state of a proximate light source; 

FIG. 4 is a side perspective view of a vehicle in which the 20 
present invention is implemented; 

FIG. 5 is a partial side perspective view of the vehicle 
shown in FIG. 4 taken in partial cross section; 

FIG. 6 is an oblique perspective view of a vehicle in 25 
' which the present invention is implemented; 

FIG. 7 is a rear perspective view of a vehicle in which a 
first embodiment of the present invention is implemented; 

FIG. 8 is a front perspective view of a light/camera 
assembly constructed in accordance with a first embodiment 30 
of the present invention; 

FIG. 9 is a side cross-sectional view of the light/camera 
assembly shown in FIG. 8 as applied to a vehicle window; 

FIG. 10 is a rear perspective view of a vehicle in which 
a second embodiment of the present invention is imple- 
mented; 

FIG. 11 is a perspective view of a center high mounted 
stoplight (CHMSL) assembly constructed in accordance 
with the second embodiment of the present invention; ^ 

FIG. 12 is an exploded perspective view of the CHMSL 
assembly shown in FIG. 11; 

FIG. 13 is a perspective view of a light/camera assembly 
constructed in accordance with a third embodiment of the 
present invention; 45 

FIG. 14 is a cross-sectional view of the light/camera 
assembly shown in FIG. 13; 

FIG. 15 is a perspective view of the front interior of a 
vehicle in which the present invention is implemented 
according to an alternative embodiment; 50 

FIG. 16 is a perspective view of the front interior of a 
vehicle in which the present invention is implemented 
according to an alternative embodiment; 

FIG. 17 is a perfective view of the firont interior of a 
vehicle in which the present invention is implemented 
according to an alternative embodiment; 

FIG. 18 is a perspective view of the firont interior of a 
vehicle in which the present invention is implemented 
according to an alternative embodiment; 

FIG. 19 is a perspective view of the front interior of a 
vehicle in which the present invention is implemented 
according to an alternative embodiment; 

FIG. 20 is a perspective view of an interior rearview 
mirror constructed in accordance with the present invention; es 

FIG. 21 is an oblique perspective view of a CHMSL light 
source constructed in accordance with the present invention; 
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FIG. 22 is a side perspective view of the CHMSL light 
source shown in FIG. 21; 

FIG. 23 is a perspective view of a sun visor constructed 
in accordance with one embodiment of the present inven- 
tion; 

FIG. 24 is a perspective view of a light source for use in 
the sun visor assembly shown in FIG. 23 as constructed in 
accordance with the present invention; 

FIG. 25 is a perspective view of a sun visor constructed 
in accordance with another embodiment of the present 
invention; 

FIG. 26 is a cross-sectional view of the sun visor shown 
in FIG. 25 taken along line XXV— XXV; 

FIG. 27 is an enlarged view of the cross section shown in 
FIG. 26; 

FIG. 28 is a cross-sectional view of an illuminator assem- 
bly according to the present invention incorporating con- 
ventional discrete LEDs; 

FIG. 29 is a cross-sectional view of an illuminator assem- 
bly according to the present invention incorporating a plu- 
rality of LED chips in a chip-on-board configuration; 

FIG. 30 is a graph plotting the relative spectral power 
versus wavelength for Standard Illuminantsi^ B, and C, as 
well as amber and blue-green LEDs; 

FIGS. 31a, 31b, and 31c are a series of graphs plotting the 
relative spectral power versus wavelength for amber and 
blue-green LEDs, the spectral reflectance versus wavelength 
for a 50 percent neutral gray target, and the relative spectral 
power versus wavelength for the resultant reflected light, 
respectively; 

FIG. 32 is a graph plotting the relative sensitivity of a 
standard two degree observer versus wavelength for photo- 
pic vision, scotopic vision as well as an estimated mesopic 

vision; 

FIG. 33 is a graph plotting the relative response of the 
color-matching functions for a standard two degree observer 
versus wavelength during photopic vision; 

FIG. 34 is a CIE 1976 uniform chromaticity scale (UCS) 
diagram showing the location of the Planckian Locus, the 
location of the translated SAE J578 boundaries for achro- 
matic white light, the locations of CIE Standard lUuminants 
A, B, and C as well as the locus of binary additive mixtures 
from blue and red LEDs; 

FIG. 35 is a CIE 1976 UCS diagram showing the location 
of the Planckian Locus, the locations of Standard lUumi- 
nants A, B, and C, the location of the translated SAE J578 
boundaries for achromatic white li^t, the locus of ternary 
additive mixtures from red, green, and blue LEDs, as well as 
an estimated locus of red, green, and blue LED manufac- 
turing variation; 

FIG. 36 is a CIE 1976 UCS diagram showing the location 
of the Planckian Locus, the locations of Standard Illumi- 
nants A, B, and C, the location of the translated SAE J578 
boundaries for achromatic white light, and the approximate 
location of the white color boundary translated from the 
revised Kelly chart, as well as the locus of binary additive 
mixtures from deep red and deep green LEDs; 

FIG. 37 is a CIE 1976 UCS diagram showing the location 
of the Planckian Locus, the locations of Standard Illumi- 
nants A, B and C, the location of the translated SAE J578 
boundaries for achromatic white light, and the locus of 
binary additive mixtures from amber 592 run and blue-green 
488 nm LEDs which is substantially coaxial with the 
Planckian Locus; 
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FIG. 38 is a CIE 1976 UCS diagram showing the location control 162 utilizes these inputs to provide power or acti- 

of the Planckian Locus, the locations of Standard lUumi- vation signals to the various signal lights (identiiied gencr- 

nants A, B and C, the location of the translated SAE J578 ally as block 184) including the brake lights, turn signal 

boundaries for achromatic white light, the approximate lights, and back-up lights, as well as to the various interior 

location of the white color boundary translated from the S and exterior illuminator lights of the vehicle (identified 

revised Kelly chart, and the locus of binary additive mix- generally as block 186), such as the head lights and running 

turcs from a range of amber and blue -green LEDs which is lights, interior dome and map lamps, and exterior illumina- 

substantiaUy coaxial with the Planckian Locus; lion lamps (i.e., cargo and puddle lamps). In its simplest 

FIG. 39 is a CIE 1976 UCS diagram showing the location form, vehicle light system control 162 may merely include 

of the Planckian Locus, the locations of Standard lUumi- 10 a plurality of switches for turning the hghts on and off. 

nants A, B, and C, the location of the translated SAE J578 Imaging Subsystem 

boundaries for achromatic white light, and the locus of Referring to FIG. 2, a preferred imaging subsystem 12 is 

binary additive mixtures from amber 584 nm and blue-green shown, which is disclosed in detail in commonly-assigned 

483 nm LEDs which is substantiaUy coaxial with the U S. patent application Ser. No. 09/001,855, entitled 

Planckian Locus; 15 VEHICLE VISION SYSTEM, filed on Dec. 31, 1997, by 

HG. 40 is a CIE 1976 UCS diagram showing the loca- B^^^^^^l f ^ ^^"^Z^"" '''^^'^ ^^t^"^ t^"^^^ 

tionsofStandardniuminantsA, B, and C, the location of the ^^^^ '^ys 50 from scene 24. Image rays 50 pass through 

translated SAE J578 boundaries for adiromatic white light. optional input vanable attenuation filter 52 emerging as 

and the locus of binary additive mixtures from equivalent attenuated image rays 54. Rays 50 or 54 are focused by lens 

584 nm amber and equivalent 483 nm blue-green LEDs 20 system 56 to become focused rays 58. An image sensor array 

which is substanUally coaxial with the Planckian Locus; and ^ P^^^^^ ^ focal plane of lens system 56. The image 

HG. 41 is an illustrative illumination pattern for an sensor array is comprised ofmdmdual pixel sensors, ideally 

.„ . , . , J- * *L * • »• arranged in rows and columns. An image sensor mterface 

Ukminator assembly according to the present mvenbon. ^^^^^^ provides control signals 64 to image 

DETAILED DESCRIPTION OF THE 25 sensor array 60 and receives electrical signals 66 corre- 

PREFERRED EMBODIMENTS sponding to scene 24 from image sensor array 60. Image 

sensor interface arid control 62 may operate on signals 66, 
FIG. 1 shows a system diagram illustrating the various preferably including digitizing the signals prior to forward- 
components constituting the system 10 of the present mven- ^^^^^ ^y^^^^^ ^^^^^^ ^-^^^^ 1^ optional lens 
tion. As illustrated, system 10 includes an electromc imaging 3^ attenuating filter 52 is used, the amount of attenuation is 
subsystem 12. Imaging subsystem 12 includes at least one controlled by lens attenuation control 70 through lens 
camera 26a, 26b, and/or 26c; at least one display device 32fl, attenuation filter signal 72. 

32b, and/or 32c; and an image processing unit 30. Imaging ^ ^ preferred embodiment, camera system 26 is designed 

subsystem 12 may also include an ambient light sensor 34, ^^^^^ ^ ^^^^ dynamic range. A significant improvement 

a direct glare sensor 36, a manual intensity adjustment 35 ^^^^ ^^^^ systems is the ability of camera system 26 to 

mechanism 116, and/or an infrared (IR) emitter 140. ^p^^^ ^^^^^^ ^^^^^ ^ ^^^^ 24 that has previously 

System 10 further includes a first light 180 and optionally been obscured due to low illumination levels or due to glare 

a second light 182 housed in the same assembly 200 as from lights, such as headlamps. 

camera 26a. IR emitter 140 may also be boused in the same one limitation on the dynamic range of camera system 

integral assembly 200. As described in further detail below, 4Q output is due to the pixel sensors in the image sensor anay. 

first light 180 may be a signal light such as a brake light, and preferred embodiment uses complementary metal-oxide 

second light 182 may also be a signal light or an ilhimination semiconductor/metal-on-silicon (CMOS) photogate active 

fight such as a cargo light for a pick-up truck or a rear pixel sensor (APS) cells. The photogate in each cell is used 

illumination light. If, for example, light 180 is the brake light to integrate charge developed from incident light. A storage 

for a CHMSL, assembly 200 may take the form of a CHMSL 45 site is capable of holding the integrated charge. The storage 

assembly having an integrated camera 26a and CHMSL ^[^q can be reset to a reference level indicative of pixel 

brake Ught. Alternatively, assembly 200 could take the form sensor noise. A selectable buffer circuit outputs a signal 

of a tail light assembly in which Ught source 180 is a proportional to the integrated charge or reference value at 

running/brake light. The various physical embodiments of storage site. By subtracting the reference noise signal 

integral assembly 200 are described below following the 50 from the integrated charge signal, a significant effect of the 

detailed description of imaging subsystem 12. noise can be eliminated, increasing pixel sensor sensitivity. 

As will also be described in more detail below, system 12 Another limitation on the dynamic range of camera sys- 

preferably includes a switching interface circuit 150 includ- terns has been the restriction on the length of time for 

ing switches 151 and 152 for controlling the application of integrating charge produced by incident light. Current sys- 

activation signals to each of the lights 180 and 182 that are 55 tems limit the integration time to slightly less than the frame 

mounted in a common assembly 200 with camera 26fl. time. Since it is desirable to display scene 24 as near real 

Switches 151 and 152 are controlled by image processing time, a high frame rate of preferably not less than 30 frames 

unit 30 in the manner described below to reduce feedback per second is requned. Traditionally, this has resulted in 

glare from the light emitted from lights 180 and 182 during integration times of no greater than 33 msecs. 

operation of camera 26fl. 60 An optical sensor combining image sensor array 60 and 

The activation signals applied to lights 180 and 182 may image sensor interface and control 62 with a wide dynamic 

be those applied from a conventional vehicle light system range is described in commonly assigned U.S. patent appli- 

160. Conventional vehicle light systems typically include cation Ser. No. 6,008,486 entitled WIDE DYNAMIC 

some form of vehide fight system control 162 that receives RANGE OPTICAL SENSOR, filed on Dec. 31, 1997, by 

inputs fi^om, for example, a brake pedal 164, a turn signal 65 Joseph S. Stam et al., the disclosure of which is incorporated 

actuator 166, a gear shifter 168, a head light switch 170, herein by reference. One method described implements a 

and/or an illuminator switch 172. Vehicle Ught system double integration architecture by using storage in each 
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pixel cell to hold the charge integrated from the previous that such sensors are significantly adversely affected by 

frame period while integrating charge for the current frame glare from lights on the vehicle that are in close proximity 

period. By summing the signals representing charge inte- to the camera's optics, particularly at night. Such external 

grated during the current and previous frame periods, a lights include tail lights, brake lights, CHMSLs, back-up 

signal is produced that has an effective integration lime of 5 lights, and turn signal lights. Therefore, it is an aspect of the 

twice the frame period. present invention to provide a mechanism whereby the 

A second method described by Stam et al. uses an imaging subsystem may interact with the vehicle lighting 

interlacing architecture to read a subset of pixel sensors each system. 

frame period. Those pixel sensors not read in a given frame The electronic imaging system described above is capable 

period continue to integrate light-induced charge. By read- lO of capturing useful images in very dark conditions, such as 

ing each pixel sensor at a period that is a multiple of the those experienced on a moonless night. The light sources in 

frame time, an effective integration time greater than the lights 180-182 arc preferably arrays of light emitting diodes 

frame time is achieved. Values representing pixel cells not (LEDs). LEDs have the unique property of very rapid 

read in a given frame period may be interpolated from turn-on/tum-off times, unlike incandescent lamps, which 

neighboring pixel cells that are read. 15 require a significant fraction of a second to reach full 

A third method described by Stam ct al. uses a dual brightness. Therefore, it is possible to rapidly pulse the 

integration architecture to provide two integration signals. A LEDs on and off several times a second. The human eye is 

first signal is generated by integrating charge over a rela- not capable of detecting flashes at rates greater than about 60 

lively long period. This charge is stored in the pixel sensor times per second. Consequently, if LEDs are pulsed on and 

cell. A second signal is generated by integrating charge over 20 off at a rate of 60 Hz or greater, the human eye will perceive 

a relatively short period. If a signal corresponding to the the LEDs as being on continuously. The same averaging 

long integration period is less than a threshold, the long effect of the human eye allows discrete frame motion video 

integration signal is used as the output. If the long integra- to appear as continuous motion. A frame rate of 30 frames 

lion signal is not less than a threshold, the short integration per second allows video, which is generally accepted as 

signal is used. This provides an output signal with greater 25 continuous at a frame rate of 60 frames per second, to have 

resolution at low light levels while still covering a wide superb quality. Interlacing at 60 fields per second (of 30 full 

range of brightness. frames per second) is standard in NTSC television broad- 

A fourth method described by Stam et al. uses individual casts, 

pixel resets to extend the effective dynamic range. In this Using these two concepts, it is now possible to constnict 

method, individual or groups of pixel sensors can be reset 30 an integrated assembly 200 including at least one light 

during the integration time, thereby providing a shorter 180-182 and a camera 26a, where the camera does not 

integration period. Areas of the image of scene 24 that are experience feedback glare from integrated lights. This is 

dimly lit receive longer integration periods than areas that done by alternatively capturing frames with the imaging 

are brightly lit. Using this technique, the bright headlamps of system and pulsing the LEDs of the integrated lights on and 

a trailing vehicle in scene 24 are locally sensed at a much 35 off. The LEDs are pulsed between frame integration periods, 

lower sensitivity so that saturation in the corresponding For example, if 60 frames per second video is desired, 

portion of the image is reduced or eliminated while still camera 2 6a can acquire with the LEDs off for 8.3 msec. Hiis 

sensing the remainder of scene 24 with sufiBcient sensitivity. is followed by an 8.3 msec period, where camera 26a is not 

This allows viewing of detail which has heretofore been acquiring and the LEDs are turned on. Such a system may 

obscured by bright headlamps. Since there are frequently 40 be implemented by driving switches 151 and 152 such that 

only two headlamps causing most of the glare in the field of the on-phase of the ill;miinators 180 and 182 are synchro- 

the view of scene 24, and since the image of each headlamp nized with the integration period of the image sensor array 

projects a small sized area typically striking at most a 60 as indicated in FIG. 3. 

two-by-two pixel sensor area, the capability to position as The ability of camera 26a to capture useful images at low 

few as two reduced integration time windows of standard 45 light levels depends directly on the integration time of image 

size, such as, for example, three-by-lhree pixel sensors, can sensor array 60. The longer the image sensor is able to 

yield considerable benefit in control of brightness in the integrate light, the better able the camera is to produce 

image of scene 24. images with resolvable detail in reduced light conditions. 

The four methods described in Stam et al. can be imple- While the 8.3 msec frame period mentioned above should be 

mented in the same optical sensor. Control inputs determine so suitable for daylight image capture, it is probable that a 

which methods are in use, the integration times, and the reset longer integration period will be required at night. As slated, 

times. the 8.3 msec frame period refers to both the integration and 

To accommodate wide inter-scene variations in fighting readout time periods. The readout time is typically limited 

conditions, variable attenuation filter 52 may be used. Input by the rate of A/D conversion in a digital camera system or 

attenuation filter 52 may be implemented with an electro- ss the scan rate in an analog system. This means the actual 

chromic window. The window transitions from substantially integration time could be much less than 8.3 msec. However, 

clear to maximum attenuation based on attenuation filter the CMOS photogate active pixel architecture used in the 

signal 72. The steady state attenuation is a reasonably stable imaging subsystem described above, allows the entire 8.3 

and reproducible function of voltage so that, having expert- msec to be used for integration and the readout to occur 

mentally determined the relationship between voltage and 60 during the period when the LEDs are on. This is accom- 

light attenuation, a controller may be used to set the amount plished by integrating for 8.3 msec and then transferring the 

of attenuation. This allows camera system 26 to employ a charge from the photosite into each pixels* floating diffii- 

highly sensitive image sensor array 60 without excessive sion. The charge transfer can occur simultaneously for all 

saturation in bright daylight. pixels or rapidly row by row. Finally, during the next 8.3 

While highly sensitive sensois are desirable because of 65 msec period, the signal is read out of the floating diffusion, 

their sensitivity in low light levels, which approaches the If additional integration time is needed, the frame adding 

sensitivity of night vision systems, it has been discovered technique described in detail in the above-cited U.S. patent 
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application Ser. No. 6,008,486, can be used to combine two subsystem is to provide a bafOing means to block light from 

8.3 msec integration periods into one frame. This is done by outside the camera*s desired field of a view from entering 

storing the charge from one frame in the floating diffusion the imaging system. This can be accomplished by placing a 

while the next frame is being acquired. The charge from both black shroud or baffling means around the lens extending 

frames is added together to give a greater signal. Finally, the 5 beyond the integrated lights in the manner described in more 

pulse frequency of the LED/camera cycle can be reduced to detail below with reference to FIGS. 8 and 9. 

give greater integration tirnes. However, this comes at the For some imaging systems, it may be necessary to provide 

disadvantage of increased flicker of the integrated light with supplementary illumination during dark conditions to 

decreased pulse frequency. achieve satisfactory imaging. This is particularly true when 

The determination of Uie required integration times and the camera is positioned behind privacy glass. In this case, 

duty cycles can be made by image processing unit 30, which a variety of LED illuminators can be used to provide such 

evaluates the average brightness of each image. The image illumination. IR LEDs have the advantage of providing light 

processing unit provides the signal to tum the LEDs on and which is detectable by silicon imaging technologies while 

off and initiates the image acquisition process. Image pro- not being visible to the human eye. Therefore, if IR supple- 

cessing unit 30 is described below and is described more mentary illumination is used, IR emitter 140 can be on 

completely in the above-cited U.S. patent application Ser. whenever camera 26a is operating without becoming dis- 

No. 09/001,855, which also contains a circuit to provide tracting to other drivers. LEDs of between 780 and 800 nm 

rapid evaluation of the brightness of an image. peak wavelength are preferred, since they are not visible to 

In addition to signal lights, binary complementary white humans but are near enough to the visible spectrum to not be 
LED illumination may be provided to further assist the severely aberrated by an optical system designed for visible 
driver in backing up or as cargo lighting in a pick-up truck. 20 wavelengths. Various visible illuminators can also be used, 
In this case, it is assumed that this light is not needed by the including binary complementary white light illumination, 
image subsystem for satisfactory imaging, but instead is The alternating pulse system described above provides a 
intended to provide illumination to assist the driver. As mechanism for achieving a greater output from an illumi- 
described further below, such driver assistance illuminators nation LED. It is well known that LEDs can be operated at 
are particularly advantageous when the vehicle is equipped 25 substantially higher powers if pulsed than if operated con- 
with privacy glass. To avoid glare from this light, the binary tinuously. Since the image system is only integrating during 
complementary white LEDs can be pulsed on and off in the pulsed cycles, it is advantageous to only operate the supple- 
same fashion as the signal LEDs. mentary illumination LEDs when the camera is integrating. 

Although the above description desoribes the use of a This pulsed operation allows higher currents to be used in 
CMOS photogate active pixel sensor for image sensor array 30 higher output levels from the LEDs thereby reducing the 
60, other imaging technologies can be used. For example, a number of LEDs needed in the application, 
frame transfer CCD (charge coupled device) would allow Hie disadvantage of providing supplemental illumination 
the integration of light during a period where the LEDs are for the rear vision system incorporated in the same assem- 
off and the readout while the LEDs are on. Other CMOS blies as the camera assembly is the potential glare back into 
imaging technologies including photodiode active pixel 35 the camera lens as described for integrated signal lights. This 
sensors, passive pixel sensors, and PIN photodiode pixel is overcome using a baffling means similar to that shown in 
sensors could also be used. CIDs (charge injection devices), FIGS. 8 and 9 to baffle light from the integrated signal lights. 
BCMDs (bulk charge modulated devices), and any other Alternatively, the supplementary illumination could be pro- 
imaging technology may be used with various degrees of vided in a separate location from the integrated signal 
performance. 40 light/camera assembly. Another possibility would place the 

A second method of eliminating the glare from the lights and supplementary illuminator in one package and the 

integrated signal lights involves filtering out the light emit- camera in a different location. In any case, the three devices 

ted from those lights. This method is appropriate for any are preferably controlled from a central source, such as 

type of electronic imaging technology. LEDs typically have image processor unit 30, which coordinates the timing of the 

a relatively narrow spectral band in which they emit the 45 signal lights, driver assistance illuminators, supplementary 

majority of their light energy. The light emitted from an LED imaging system illuminator, and camera, 

is distributed in an approximately normal distribution with a Image processor unit 30 includes an image brightness 

standard deviation of approximately about 10 nm. As a detector 74 and a display pixel luminance mapping control 

result, a relatively narrow band notch interference filter can 76, both of which receive the camera system output 68. 

prevent the majority of light from an LED from entering the so Image brightness detector 74 may determine the brightness 

camera's optical system, while not significantly reducing the level of the entire image and may determine brightness 

total light reaching the camera across the spectrum in the levels of regions within the image. Display pixel luminance 

region where the camera is sensitive. mapping control 76 may compress the wide dynamic range 

In the preferred embodiment, a narrow band reflecting of camera system output 68 lo one which is comfortably 

interference filter 385 (FIG. 9) is placed in the optical path ss viewable by operator 22. Display pixel luminance mapping 

of camera 26fl. The filter is designed to have maximum control 76 may also increase the visibiUty of scene 24 while 

reflection at the peak emission wavelength of the LEDs used limiting higher light levels, which are detrimental to the 

in the integrated signal lights. The filter is also designed to night vision of operator 22. Display luminance signal 78 is 

transmit light of wavelengths shorter and longer than those processed by display interface 80 to produce display signal 

that are substantially emitted by the LED. Therefore, the 60 82 for display device 32a. Control logic 84 is in communi- 

camera is effectively blind to the specific wavelengths of cation with image brightness detector 74 through bus 86, 

light emitted by the LED while being able to image the display pixel luminance mapping control 76 through bus 88, 

majority of the spectrum. The filter can be placed in front of display interface 80 through bus 90, image sensor interface 

the lens, integral with the lens, or behind the lens in front of and control 62 using image sensor control signal 92, input 

the image sensor. 65 attenuation control 70 using input attenuation control signal 

The final embodiment to prevent light from the integrated 94, and other elements as are described in above-cited U.S. 

signal lights from interfering with the electronic imaging patent application Ser. No. 09/001,855. 
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Display device 32 includes a display interface 80 that proximity thereto for wiping diit, snow, or other debris from 
feeds a display signal 82 to display 100. Display rays 104 a wiper zone 338 on the outer surface of rear window 332. 
generated by display 100, pass througb optional display Also, a washer fluid nozzle 340 may be mounted to wind- 
variable attenuation filter 106 and emerge as filtered display shield wiper 336 or to the body of vehicle 300 in proximity 
rays 108. Filtered display rays 108 representing scene 24 are 5 to rear window 332 so as to dispense washer fluid in a 
viewed by operator 22. If optional display attenuation filter washer zone on the outer surface of rear window 332. 
106 is used, the amount of attenuation is controlled by As shown in FIG. 7, assembly 200 is mounted in a central 
display attenuation control 110 through display attenuation location in the lower portion of rear window 332. Preferably, 
filter signal 112. assembly 200 is mounted behind at least one of the washer 

Display 100 may be implemented with a number of lo zone, wiper zone 338, or defroster zone, such that a camera 
different technologies, including cathode ray tubes (CRT), 26fl mounted in assembly 200 will have as clear a view as 
field emission displays, back lit liquid crystal displays possible through rear window 332. If rear window 332 
(LCD), and heads-up display (HUD). Many displays do not includes a frit 350, which is a black or opaque coating or film 
have the brightness range necessary to cover a good forming a band around the periphery of rear window 332, 
dynamic range within one frame in addition to a very large 15 assembly 200 may be covertly mounted behind a masked- 
total brightness range for use in ambient light conditions, out portion 352 in frit 350. The masked-out portion 352 is a 
which range firom darkness to bright sunlight. To reduce substantially transparent region of window 332 bounded by 
requirements on display 100, a display variable attenuation frit 350. The portion of the rear window 332 that corre- 
filter 106 may be used. In the preferred embodiment, attenu- sponds to masked-out portion 352, may be completely clear 
ation filter 106 is implemented with an electrochromic 20 or tinted regardless of whether the rest of window 332 is 
window. The attenuation filter is controlled by image pro- clear or tinted. 

cessor system 30 through display attenuation control signal FIGS. 8 and 9 show an exemplary construction of an 

114. A method for controlling filter 106 is described in more assembly 200 that may be mounted to the 'inside surface of 

detail in the above-cited U.S. patent application Ser. No. rear window 332. Assembly 200 includes a support structure 

09/001,855. 25 360 that together with a lens 370 constitutes a housing. To 

Physical Implementations improve the aesthetic appearance of assembly 200 as seen 

Having generally described the present invention on a through rear window 332, at least the inner surfaces of 

system level, the physical implementation of the system and support structure 360 are painted black or some other dark 

various components will now be described. FIG. 4 shows a color. As shown in FIG. 9, support structure 360 may be 

side view of a vehicle 300 having side and rear windows 302 30 mounted within a masked-out region 352 in firit 350 using a 

that may be made of privacy glass. If assembly 200 (FIG. 1) dark colored adhesive and/or caulk 361 to prevent light from 

is constructed as a CHMSL, assembly 200 may be mounted exiting through any gaps formed between support structure 

in any central location on the rear of vehicle where CHMSLs 360 and the interior surface of rear window 332. 

are commonly mounted. For example, assembly 200 may be As shown in FIG. 8, first light 180 includes a central array 

mounted in a central location 304 on the roof of a vehicle 35 of first LBDs 362, and second light 182 includes two arrays 

above the rear window. Alternatively, assembly 200 may be of second LEDs 364 each positioned on opposite sides of 

mounted behind the rear window as indicated by reference first light 180. Camera 26a is mounted in the center of the 

306. For vehicles having a trunk, assembly 200 may be array of first LEDs 362 forming first light 180. To prevent 

mounted to the trunk lid (not shown). stray light from lights 180 and 182 from causing feedback 

If the light integrated in assembly 200 with camera 26fl is 40 glare through the camera optics, baffles 380 are provided 

not a CI^SL but is a turn signal light, running light, between the first and second arrays of LEDs 362 and 364 

back-up light, or brake Ugbt, assembly 200 may be mounted and between camera 26fl and first array of LEDs 362. Baffles 

in one or both tail light assemblies 306. Additional cameras 380 are preferably formed of an opaque material and extend 

26b and 26c may be mounted in assemblies 200 thai are through and outward from lens 370, 

located within the front head light/turn signal light assem- 45 Referring back to FIG. 9, LEDs 362 (as well as LEDs 

blies 310. Such additional cameras may be mounted to 364) are mounted to a printed circuit board 363 that is 

capture images forward of the vehicle, perpendicular to the mounted within support structure 360. Camera 26a is also 

direction of travel of the vehicle to improve vision at blind preferably mounted to circuit board 363. Specifically, image 

intersections, or lo the side and rear of the vehicle. Addi- sensor array 60 is mounted on circuit board 363 with the 

tional side cameras 26b and 26c may also be mounted 50 camera lens system 56 supported a distance away from 

behind the vehicle's side windows in location 312, for board 363 by lens supports 382. With this construction, 

example. baffles 380 should extend to circuit board 363. 

As will be explained in further detail below with reference Lens 370 is preferably formed with four separate zones 

to FIGS. 15-20, one or more display devices 32 may be corresponding to the two arrays of LEDs 364 of second light 

mounted in various locations within the view of the vetiicle 55 182, the array of LEDs 362 of first light 180, and camera 

operator. For example, a display device 32 may be mounted 26a. Lens zone 372 overlies camera 26a and is generally a 

in an overhead console 322 of the vehicle and/or may be flat transparent structure so as to not distort the image 

mounted to support 324 on an instrument panel 320. Alter- captured by camera 26a. Lens zone 374 overlies the array of 

natively or additionally, display device 32 may be provided LEDs 362 of first light 180 and preferably has a roughened 

in interior rearview mirror 333 or in one or both of the 60 surface to diflfuse the light emitted from LEDs 362. For 

exterior rearview mirrors 330. example, lens zone 374 could be configured as a comer cube 

FIG. 5 shows an enlarged partial section of vehicle 300 of dififuser. The lens zone overlying the two arrays of LEDs 364 

FIG. 4 in which assembly 200 is mounted to the interior of second light 182 may be configured as a Frcsnel lens or 

surface of rear window 332. As shown in FIG. 6, rear in any other manner so as to project illumination as fully as 

window 332 may include an integral defroster 334 that 65 possible within the field view of camera 26a. For reasons 

defines a defroster zone of rear window 332. Window 332 stated above, a bandpass notch filter 385 may be applied as 

may also have a windshield wiper 336 mounted thereto or in a coating or film to a surface of lens 370 in lens zone 372 so 



08/13/2003, EAST Version: 1.04.0000 



us 6,5i 

13 

as to filter out light having wavelengths similar to that 
emitted &om LEDs 362 and/or L£E>s 364. 

By making all the components black with the exception of 
the lens, camera lens, and LEDs, assembly 200 may be 
covertly hidden behind rear window 332. Preferably, the 
portion of rear window 332 corresponding to masked-out 
portion 352 of frit 350 is tinted privacy glass to further hide 
assembly 200. In this manner, no one would be able to notice 
the presence of the camera and would only notice the 
presence of the assembly when one of the lights is illumi- 
nated. This offers a safety advantage that it is much less 
likely that bright sunHght could cause the brake Ughfcs or 
CHMSL to erroneously appear as though it were on. In 
addition, camera 26a could be used for security purposes as 
well as rear vision. 

The assembly may further be made more covert by 
employing a metallic or interferential bandpass filter to rear 
window 332 or by mounting an active element such as an 
electrochromic element to the window that can be made 
transparent when the camera or Ughts are activated and may 
be darkened at all other times. For example, the electrochro- 
mic element could be maintained in a normally darkened 
state, and could be controlled to clear in response to the 
application of the vehicle's brakes and to return to the 
normally darkened state when the brakes are no longer 
applied. Because the electrochromic element does not clear 
instantaneously, the LEDs constituting the brake light may 
be controlled to initially emit light at a greater intensity to 
compensate for the lack of immediate clarity of the electro- 
chromic element. Once the electrochromic element has fully 
cleared, which only takes less than a half of a second, the 
intensity of the LEDs may be correspondingly reduced. 
Examples of electrochromic elements that can be used for 
this purpose are disclosed in U.S. Pat. No. 4,902,108 and in 
U.S. patent application Ser. No. 08/832,596, entitled AN 
IMPROVED ELECTROCHROMIC MEDIUM CAPABLE 
OF PRODUaNG A PRE-SELECTED COLOR, by Kelvin 
Baumann et al., the disclosures of which are incorporated 
herein by reference. 

With assembly 200 mounted in the location shown in FIG. 
7, first light 180 preferably functions a CHMSL, and thus, 
LEDs 362 are preferably red or red-orange and are activated 
when vehicle light system control 162 issues a brake signal. 
As described above, the brake signal applied to LEDs 362 
may be pulsed by application of a signal to a conesponding 
switch 151 (FIG. 1) by image processing unit 30. Second 
Ught 182 may function as any form of signal or illumination 
Ught. Preferably, second light 182 functions as IR emitter 
140 to provide supplemental illumination for camera 26^ in 
which case LEDs 164 are LEDs that emit IR radiation in the 
780 to 800 nm range. As stated above, any IR radiation 
emitted may be continuous since it would not impair the 
vision of any other drivers. Alternatively, IR LEDs may be 
pulsed on during those periods in which camera 26a is 
integrating in order to maximize the intensity of their 
emissions. 

Second light 182 could also function as a rearward driver 
assistance illuminator whereby it would project substantially 
white light rearward to assist the driver while backing up the 
vehicle. In this case, LEDs 362 may be white light emitting 
LEDs or may include LEDs that emit light of binary 
complementary or ternary complementary colors. Binary 
complementary LEDs that, in combination, project 
metameric white light are disclosed in the above -cited U.S. 
Pat. No 5,803,579 and described further below. When such 
white light illumination is to be projected from second Ught 
182, the activation signal used to tium on the back-up lights 
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would also be used to activate LEDs 362 vfhea the vehicle 
is in reverse. Again, to maximize the lUumiaation from 
second tight 182, LEDs 362 may be pulsed on while camera 
26a is integrating. However, to minimize the glare from 

5 LEDs 362 from adversely impacting the image captured by 
camera 26a, LEDs 362 are preferably spaced apart from 
camera 26a and baffles 380 are provided to block as much 
glare as possible. It will be appreciated, however, that 
assembly 200 may be constructed without camera 26a, in 

10 which case, LEDs 362 may, but need not, be pulsed. 

By having assembly 200 directly mounted to rear window 
332 in the manner described above, a rear window modular 
stmctuie 301 may be created that may be shipped as a single 
OEM product to an assembly plant. By integrating the 

15 camera and the CHMSL in a single assembly and incorpo- 
rating that assembly into a module structure including a rear 
window and any defroster and/or wiper, wiring for the 
electrical components may extend from a single location on 
rear window module 301 thereby simplifying the installation 

20 of these components at the assembly plant. Moreover, the 
inclusion of the camera in such a rear window modular 
structure enables a rear window manufacturer to ofifcr an 
added value to the vehicle manufacturer. 
FIG. 10 shows an alternative mounting of a light assembly 

25 400 constructed in accordance with the present invention. As 
shown, assembly 400 is mounted within the frame structure 
410 surrounding and supporting a rear window 412. Assem- 
bly 400, rear window 412, and frame 410 may be preas- 
sembled into a single modular structure 401 that may be 

30 supplied as an OEM product and installed at an assembly 
plant. Modular structure 401 differs firom modular structure 
301 (FIG. 6) in that assembly 400 is not mounted behind rear 
window 412, but rather is mounted adjacent rear window 
412 such that light emitted therefrom is not projected 

35 through window 412, which may be made of privacy glass. 
Modular structure 401 also offers the advantage that a 
camera mounted in assembly 400 will not have its effective 
sensitivity reduced by privacy glass. As explained further 
below, assembly 400 may, but need not, include a camera. 

40 As shown in FIGS. 11 and 12, assembly 400 includes a 
support structure 420 and a lens structure 422 that together 
form a housing for a first light 180 and second light 182. 
Preferably, first light 180 includes an array of red or red- 
orange LEDs 428 that are activated in response to an 

45 activation signal received when the vehicle brakes are 
applied so as to function as a CHMSL. Second light 182 
preferably includes two anays of LEDs 430 provided on 
opposite sides of the array of LEDs 428. LEDs 430 prefer- 
ably include LEDs that are capable of causing white light to 

50 be emitted from lens 422. More preferably, LEDs 430 
include binary complementary LEDs as disclosed in the 
above-cited U.S. Pat. No. 5,803,579 and described further 
below. LEDs 430 may thus function as a cargo light for a 
pick-up truck 402 (FIG. 10), as signal lights, and/or as driver 

55 assistance illumination tights. As can be readily perceived, 
such driver assistance illumination lights are particularly 
useful when used in a vehicle such as a minivan, sport utility 
vehicle, or pick-up truck with privacy glass that inherently 
timits rearward visibility. 

60 Lens 422 preferably includes three regions overlying each 
of the three arrays of LEDs. Central region 424, which 
overlies LEDs 428, may be clear or red and function as a 
diffusion lens. Peripheral regions 426, which overtie the two 
arrays of LEDs 430, are preferably dear with integrated 

65 optics suitable for functionmg as a cargo tight or as a signal 
tight. An example of optics that may be used to direct the 
tight is disclosed in U.S. patent apptication Ser. No. 09/109, 
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527, entitled OPTICAL ASSEMBLY FOR SEMICONDUC- display 32/ is mounted on the driver's side A-piUar 606. Id 

TOR LIGHTING DEVICE ILLUMINATOR, the disclosure one arrangement, the right display 32r is mounted on 

of which is incorporated herein by reference. instrument panel 602 on the right side of display gauges 600. 

As mentioned above, a camera/light assembly may be in the other arrangement, right display 32r is mounted to the 

mounted in the tail light assembly 308 of a vehicle. FIGS. 13 5 passenger's side A-pillar 608. By mounting left and right 

and 14 show the possible construction of such an assembly displays to the respective A-piUars, the driver may look in 

500. Assembly 500 preferably includes a support structure ^tic same general direction as the driver would normally look 

502 and a lens 504 that together provide a housing for the j^ft ^^ ^^ i^iagcs through conventional 

mtegrated lights and camera system A firet light 180 is ^^^^or review mirrors. Thus, the second arrangement 

provided m an upper porUon of assembly 500 that mcludes ^^^^ ^ ^^^^ advantage that would be more 

an array of red or red-orange LEDs 506 mounted to a circuit n , , * ■ ■* j * 

board 363. First light I80I preferably controlled in such a ^^^^y ^° receive consumer acceptance, smce it does not 

manner so as to ftmction as the brake Ughts, turn signal ^^^J"^^ sigmficant change in driving habits. 

Ughts, and mnning lights of the vehicle. Second light 182 ^. arrangements shown m FIG. 16 may al«) be corn- 

preferably includes an array of LEDs 508 mounted to circuit ^"^^d ^ Provide three displays 32 with left and nght 

board 363 adjacent the array of LEDs 506. LEDs 508 are ^5 displays 32/ and 32r mounted to the respective left and nght 

preferably capable of projecting white light from lens 504. A-pillars 606 and 608, and a central display 32c mounted on 

More preferably, LEDs 508 are binary complementary instrument panel 602 in a central location. Such a three- 

LEDs. By projecting white light, second light 182 may display configuration is particulariy advantageous when 

function as a back-up light. images are obtaiaed from cameras mounted to the two sides 

A camera 26fl is also mounted to circuit board 363. As 20 of the vehicle as well as from a camera mounted to the rear 

discussed above, camera 26a includes image sensor array 60 of the vehicle. FIG. 17 shows an alternative arrangement for 

and a lens system 56 supported by lens supports 382. Lens a three-display configuration whereby the left, center, and 

504 preferably includes three regions including a first region right displays are all mounted on instrument panel 602 in the 

510 overlying the LEDs of first light 180, a second region region where the gauges are normally provided. In this case, 

512 overlying the LEDs of second light 182, and a third 25 the gauges may be replaced with a digital alphanumeric 

region 514 overlying camera 26a. First region 510 is pref- display 610 that may extend along the instrument panel in a 

erably either red or clear and acts as a diffuser. Second and position below the right, center, and left displays, 

third regions 512 and 514 are preferably clear. Third region FIG. 18 shows an implementation that is similar in effect 

514 does not introduce optical effects while second region to that shown in FIG. 17, only instead of including three 

512 preferably serves to direct the emitted light in a par- 30 separate displays, a single display 32 is provided in instru- 

ticiilar direction. To prevent stray light from lights 180 and ment panel 602 to display a synthesized image obtained by 

182 from interfering with the imaging by camera 26a, baffles combining the images from more than one camera. Like the 

380 are preferably provided between the two arrays of LEDs arrangement shown in FIG. 17, a digital alphanumeric 

506 and 508 and between the array of LEDs 508 and camera display 610 is provided that extends along the instrument 

26a. 35 panel in a position below display 32. 

LEDs 508 may additionally include LEDs for emitting IR Alternatively, as shown in FIG. 19, a heads-up or virtual 

radiation. As described above, such IR radiation enhances display device 620 may be mounted above or within instni- 

the ability of camera 26a to capture images at night. ment panel 602 to project an image obtained firom a single 

If cameras are mounted in both tail Hght assemblies 308, camera or a synthesized image obtained from multiple 

a stereoscopic image may be obtained and synthesized 40 cameras. 

according to the teachings of International Application No. FIG. 20 shows an interior rearview mirror assembly 333 

PCTAJS096/07382, the disclosure of which is incorporated having a display window 630 through which a mini 

herein by reference. If additional cameras 26b and 26c are in-mirror display 32 may be mounted. Such an arrangement 

also mounted in the front headlamp/turn signal assemblies is particularly advantageous when combined with the 

310 (FIG. 6), in the front side fenders of the vehicle (as 45 arrangement shown in FIG. 16 whereby the right and left 

indicated by reference numeral 309 in FIG. 6), or in exterior camera images are displayed on respective right and left 

rearview mirror assemblies 330, the two side images may be displays mounted to the right and left A-pillars and the 

synthesized with the image captured by rear camera(s) 26a image from a rear mounted camera is fed to display 32 in 

into a single display image as taught in International Appli- rearview mirror assembly 333. In this manner, all the images 

cation No. PCTAJS 96/07382. Alternatively, each captured 50 from three separate cameras may be discretely displayed in 

image may be displayed on a separate display device locations where a driver is accustomed to seeing similar 

32a-32c. Some options for mounting display devices 32 are images as would be viewed through the internal and external 

described below with reference to FIGS. 15-20. rearview mirrors. 

FIGS. 15 and 16 illustrate two possible implementations According to another aspect of the present invention, a 

for providing two displays within the view of the driver. Two 55 CHMSL 700 may be constructed as shown in FIG. 21. 

displays would be used when two corresponding cameras CHMSL 700 includes a support structure 702 to which a 

are used that are both mounted to the rear of the vehicle or circuit board 704 is mounted. Circuit board 704 has mounted 

on opposite sides of the vehicle. In FIG. 15, a left display 32/ thereon a linear array of red or red-orange LEDs 706. Also 

and a right display 32r are incorporated in the instrument mounted on support structure 702 is a diffuser/collimator 

panel 602 on opposite sides of the conventional gauges 600 60 708. Diffuser/collimator 708 is preferably a light-directing 

(e.g., speedometer, tachometer, fuel gauge, etc.) normally film, light-directing array, or equivalent as commercially 

provided in a vehicle instrument panel. In this manner, the available from Allied Signal, Inc. of Moorestown, N.J. 

cowling 604 that extends over and around gauges 600 will Diffuser/coUimator 708 has a shape of a generally flat 

prevent glare by blocking direct sunlight firom impinging rectangle. Circuit board 704 and diffuser/collimator 708 are 

upon the surfaces of displays 32. 65 mounted on support structure 702, such that the light emitted 

FIG. 16 shows two alternative arrangements for imple- from LEDs 706 is projected into a lower convex toric edge 

mcnting two displays in a vehicle. In both arrangements, left surface 710 of diffuser/collimator 708. As shown in FIG. 22, 
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the light projected into edge 710 from the plurality of LEDs The LEDs of the present invention exhibit extremely pre- 
705 is mixed, diffused, and coUimated into beams projected dictable electronic properties and are well suited for use with 
from the flat rear facing surface 712 of diffiiser/collimator DC power sources, pulse-width modulated DC power 
708 outward through rear window 332. sources, and electronic control systems. LEDs do not suffer 
By constructing CHMSL 700 in the manner illustrated, a 5 appreciable reliability or field-service life degradation when 
very low profile, high intensity signal light is provided. The mechanically or electronically switched on and off for 
low profile of CHMSL 700 is particularly advantageous millions of cycles. The luminous intensity and illuminance 
when mounting the CHMSL in the interior of the vehicle from LEDs closely approximates a linear response function 
behind rear window 332. It will be appreciated, however, with respect to applied electrical current over a broad range 
that structures similar to that shown in FIGS. 21 and 22 may 10 of conditions, making control of their intensity a relatively 
be used to construct other signal lights or vehicle illumina- simple matter. Finally, recent generations of AlInGaP, 
tors. For example, a particularly suitable application for a AlGaAs, and GaN LEDs draw less electrical power per 
light source having the general structure shown in FIG. 21 lumen or candela of visible light produced than incandescent 
is to utilize such a light source in a vehicle sun visor lamps, resulting in more cost-effective, compact, and light- 
assembly 800 as shown in FIGS. 23 and 24. As illustrated, 15 weight illuminator wiring harnesses, fuses, connectors, 
sun visor assembly 800 includes a visor body 802 having a batteries, generators, alternators, switches, electronic 
vanity mirror 804 and two light sources 806 mounted on the controls, and optics. A number of examples have previously 
rear-facing surface of visor body 806. Light sources 806 been mentioned and arc incorporated within the scope of the 
include a transparent plate or lens 808 and an assembly 810 present invention, although it should be recognized that the 
(FIG. 24) that is similar to that shown in FIG. 21, except that 20 present invention has obvious other applications beyond the 
assembly 810 may be turned on its side and the diffuser/ specific ones mentioned which do not deviate appreciably 
collimator is selected to have 90 degree deviation rather than from the teachings herein and therefore are included in the 
the 40 degree deviation that is preferred for the diffuser/ scope of this invention. 

collimator of CHMSL 700. Further, LEDs 812 in assembly FIGS. 28 and 29 show two embodiments of the present 

810 produce white light. Preferably, LEDs 812 include 25 invention using LEDs of two substantially different 

binary complementary LEDs such as those disclosed in the configurations, FIG. 28 shows an embodiment incorporating 

above-cited U.S. Pat. No. 5,803,579, and descended further conventional discrete LEDs, and FIG. 29 shows an embodi- 

below. Because diffiiser/collimator 814 of assembly 810 ment incorporating individual LED chips, 

thoroughly mixes the light projected into its edge from Conventional discrete LED components include such 

LEDs 812 prior to projecting the mixed light outward, the 30 LED devices such as T 1, T l-V*, T 5, surface mount (SMD), 

projected light from diffuser/collimalor 814 will appear axial-leaded "polyleds," and high power packages such as 

white to a viewer looking directly at its surface of projection the SuperNova, Pirahna, or Brewster lamps, all of which are 

even though different colored LEDs 812 are used to create available with a variety of options known to those skilled in 

the white light the art such as color, size, beam width, etc. Appropriate 

A second embodiment for a sun visor assembly 900 is 35 conventional discrete LEDs may be obtained from manu- 

shown in FIGS. 25-27. As shown, visor assembly 900 facturers such as Hewlett Packard, Inc., Optoelectronics 

includes a visor body 902 having a vanity mirror 904 and Division, located in San Jose, Calif., Stanley Electric 

fight sources 906 mounted to a rear-facing surface thereof. Company, LTD located in Tokyo, Japan, Nichia Chemical 

A visor assembly 900 differs from visor assembly 800 Industries, LTD located in Anan-shi, Tokushima-ken, Japan 

shown in FIGS. 23 and 24 in that light sources 906 include 40 and many others. 

an outer optical plate 908 that functions as a diffuser/ Conventional discrete LEDs 1014 are the dominant form 

collimator sheet. Further, LEDs 912 are mounted on a of LEDs in general use because of their generic shapes and 

printed circuit board 910 so as to project light through a ease of processing in standard printed circuit board assembly 

surface opposite the projection surface rather than through operations. Referring to FIG. 28, illuminator 1010 is shown 

an edge. Again, LEDs 912 are preferably binary comple- 45 including a support member 1012 which supports, delivers 

meniary LEDs. electrical power to, and maintains a spatial relationship 

Although various features and embodiments of the between a plurality of conventional discrete LEDs 1014. The 

present invention have been disclosed as being used in structure of support member 1012 will vary depending on 

particular combinations, it will be appreciated by those the specific design of the LEDs 1014 and of the illuminator 

skilled in the art that some of the disclosed features may be 50 1010, and may be a conventional printed circuit board or 

implemented separately from one another or in combina- optionally may be a portion of housing 1019 into which the 

lions or subcombinations not expressly disclosed. For illuminator assembly 1010 is being incorporated. Support 

example, certain features of the system, such as the pulsing member 1012 may be shaped such that the emission of all of 

of lighu during non-integration periods of the camera, may the LEDs is aligned or otherwise focused on a common spot 

beimplementedregardlessof the particular manner in which 55 at some predetermined distance away from the illuminator 

the cameras or displays are physically mounted to the 1010. A conventional discrete LED 1014 generally consists 

vehicle. Similarly, aspects of the invention relating to the of a pre-assembled or packaged "lamp" each of which 

physical mounting of the cameras and displays may be normally includes a metal lead frame 1017 or other substrate 

separately implemented regardless of the functionality or for electrical and mechanical connection and internal 

structure of the imaging system of which the cameras and 60 mechanical support, a semiconductor LED chip or "die" 

displays are components. 1016, a conductive adhesive or "die attach" (not shown) for 

The present invention provides a highly reliable, low- electrically and mechanically attaching one electrode of the 

voltage, long-lived, LED illuminator for vehicles, portable chip 1016 to the lead frame 1017 or other substrate, a fine 

lighting, and specialty lighting capable of producing white wire conductor 1020 for electrically connecting the other 
light with sufficient luminous intensity to illuminate subjects 6S electrode of the chip 1016 to an area of the lead frame 1017 
of interest well enough to be seen and to have sufiBcient or other substrate which is electrically isolated from the first 

apparent color and contrast so as to be readily identifiable. electrode and die attach by the chip 1016 itself. Optionally, 
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a miniature reflector cup (not shown) may also be located 
adjacent to the chip 1016 to further improve light extraction 
from the device. Finally, a clear, tinted, or slightly diffused 
polymer matrix enclosure 1018 is used to suspend, 
encapsulate, and protect the chip 1016, lead frame 1017, 5 
optional reflector cup (not shown) and wire conductor 1020 
and to provide certain desirable optical characteristics. 

In conventional discrete LEDs 1014, the polymer matrix 
enclosure 1018 typically comprises an optically clear epoxy 
or any number of materials capable of protecting the LED 10 
chip 1016 and an upper portion of lead frame 1017 from 
environmental contaminants such as moisture. As shown in 
FIG. 28, polymer matrix enclosure 1018 can further be made 
integral with lens 1027 which will be discussed in greater 
detail hercinbelow. The upper portion of lead frame 1017 is 15 
connected to the LED semiconductor chip 1016 and a lower 
portion of lead frame 1017 extends out one end of the 
enclosure 1018 to attach to support member 1012 and 
provide electrical connection to an electronic control circuit 
1022 through wires 1023. Circuit 1022 is operable to 20 
energize, control, and protect the LEDs 1014, and manipu- 
late and manage the illumination they produce. Many varia- 
tions of electronic control circuit 1022 will be known to 
those skilled in the art and will vary depending on the 
application for illuminator 1010. For example, electronic 25 
control circuit 1022 for a flashlight may simply be an 
ON-OFF switch, a battery and a resistor in series with the 
LEDs 1014 and support member 1012. However, for an 
automotive rearview mirror assembly, described in detail 
bereinbebw, circuit 1022 will be sli^tly more complex. 30 

In most conventional discrete LED designs, enclosure 
1018 also acts as an integral optical element such as a lens 
1027, deviator 1028, or diffuser 1029, however separate or 
secondary optical elements 1021 are preferably incorporated 
in illuminator 1010 to improve illim:iinator performance or 35 
appearance. Furthermore, more than one individual LED 
chip 1016 of the same color or of different colors may be 
incorporated within a single polymer matrix enclosure 1018 
such that the spacing between conventional discrete LEDs 
1014 is greater than the spacing between individual chips 40 
1016. 

A second configuration of LEDs is the individual LED 
chip, consisting solely of a semiconductor LED chip 
(without a pre-attached lead frame, encapsulating media, 
conducting wire, etc.). These are generally shipped in vials 45 
or adhered to a membrane called "sticky bade" and are 
mounted in an intermediate manufacturing step directly onto 
a printed circuit board, ceramic substrate, or other structure 
to support the individual LED chip and provide electrical 
connections to it. When a plurality of LEDs is so mounted, 50 
the result is a "chip-on -board" LED array which in its 
entirety can then be incorporated into other assemblies as a 
subcomponent. Individual LED chips suitable for the 
present invention are available from Hewlett Packard, 
Showa Denko, Stanley, and Cree Research, to name just a 55 
few. Referring to FIG. 29, if chip-on-board LED designs are 
utilized, then illuminator 1010 has a support member 1012 
which may be a printed circuit board, ceramic substrate, 
housing or other structure capable of supporting the indi- 
vidual LED chips 1016 while simultaneously providing 60 
electrical connection for powering the chips 1016. In this 
configuration, individual LED chips 1016 are placed on 
support member 1012, thereby eliminating the bulky pre- 
packaged polymer matrix enclosure 1018, and lead frame 
1017 of the conventional discrete type of LED 1014 in FIG. 65 
28. A more integrated and optimized system is therefore 
possible by virtue of the flexibility to place individual LED 
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chips 1016 within very close proximity to one another on the 
support member 1012 and within very dose proximity to 
reflector 1026, lens 1027, and/or secondary optical elements 
1021 used to enhance the light emissions of LED chip 1016. 
In this manner, one or more LED chips 16 can be placed at 
or very near to the focus of a single lens 27 or lenslet 27fl 
(as shown in areas A and B), improving the ahgnmcnt and 
unifonnity of the resultant mixed beam projected therefrom. 
Individual LED chips 1016 are very small (on the order of 
0.008 inchesxO.008 inchcsxO.008 inches) and can be placed 
very closely to one another by precision equipment, e.g., 
pick-and-placc machines. Such close pitch spacing is not 
possible with the conventional discrete LEDs 1014 of FIG. 
28 because of their relatively large size and larger tolerances 
associated with their manufacture and assembly. 
Furthermore, the ability to tightly pack the chips 1016 
allows extreme design flexibility, improving the aesthetic 
appeal of illuminator 1010. 

For chip-on-board designs, the individual LED chips 
1016 are electrically connected to conductive pad 1024 by a 
fine conductive wire 1020 and attached to conductive pad 
1025 by an electrically conductive die attach adhesive (not 
shown). The chips 1016 and conductive pads 1024 and 1025 
are mounted on, and held in a spaced-apart relationship from 
one another, by support member 1012. LED chips 1016 are 
electrically connected to the support member 1012, and to 
electronic circuit 1022, through pads 1024 and 1025, support 
member 1012 and wires 1023. 

Referring to Areas A and B, the number, spacing, color, 
and pattern of individual LED chips 1016 tmder each lenslet 
lQ27a can vary from system to system. One or more chips 
1016 of the same color or different colors chosen according 
to the teachings of this invention may be placed under a 
single lenslet 1027a such that the spacing between groups of 
LED chips is greater than the spacing between individual 
chips. For instance, in Area A, two of the three individual 
LED chips 1016 shown may be a type that emits amber light 
when energized and the third may be of a type which emits 
blue-green light when energized. Alternatively, two may be 
of the blue-green variety and one may be of the amber 
variety. Also, it is possible for all of the LEDs in Area A to 
be of one color, e.g. amber, if another nearby group in the 
plurality of the illuminator such as that shown in Area B of 
FIG. 29 contains an appropriate number of complementary 
LEDs, e.g. two of the blue-green variety. 

A reflector 1026 may optionally be used with the above- 
described conventional discrete LED designs as shown in 
FIG. 1 or with LED array chip-on-board designs shown in 
FIG. 29. The reflector 1026, if used, is normally a conical, 
parabolic, or elliptical reflector and typically is made of 
metal or metal-coated molded plastic. The purpose of the 
reflector 1026 is to collect or assist in the coUeclion of Hght 
emitted by the LED chip 1016 and project it toward the area 
to be illuminated in a narrower and more intense beam than 
otherwise would occur. For chip-on-board LED array 
designs, reflector 1026 is commonly a planar reflector made 
integral with conductive pad 1025 by selective plating of a 
reflective metal (such as tin solder) and is oriented radially 
around the LED chip 1016. In this case, of course then the 
combined reflector/conductive pad serves the previously 
described functions of both the reflector 1026 and the 
conductive pad 1025. Suitable reflectors 1026 are well 
known to those skilled in the art and may be obtained from 
a wide variety of optical molding and coating companies 
such Reed Precision Microstructures of Santa Rosa, Cali- 
fornia. More than one reflector 1026 to be used for conven- 
tional LEDs 1014 or LED chips 1016 can be combined to 
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make a reflector array whose constituent elements are ori- Optionally, a diffuser 1029 may be mounted on or 

ented in substantial registry with the conventional LEDs attached to the housing 1019 or otherwise attached to or 

1014 or LED chips 1016. made integral with the lens surface IQlZlb or the deviator 

As shown in FIG. 28 and FIG. 29, lens 1027 is normally surface 1028a and is used to aesthetically hide and physi- 

a magnifier/collimalor whidi serves to collect light emitted 5 cally protect the illuminator internal components, and/or to 

by each conventional LED 1014 or LED chip 1016 and 5^^^ ^ spectral composition of the resultant illuminator 

reflected by optional reflector 1026 and project it in a t,gam, and/or narrow, broaden or smooth the beam's inten- 

narrowcr and more intense beam than otherwise would distribution. This can be helpful, for instance, in improv- 

occur. As shown m FIG 28 for an Jluminator 1010 using • ^^j^^ brightness uniformity of the effective iUumi- 

conventional LEDs 1014 lens 1027 co°imonly made ^^^^^ ^^^^^^^^ ^ iUuminator. Alternatively, diffuser 

mtegral with polymer matrix enclosure 1018, or otherwise ^^-^ • 1 j *• 1 ci» j- *• 1 

may be made^ separately from polymer malrix enclosure ^^^^ . f'' '^u'°'^ 

1018. Uns 1027 may also be made as an integral array of ^^^^ ^ ^i^^ ^^^^^^^ ^"^J^^^^^ .^'^^^ 1° t^'^J^ 

IcDslcts 1027fl which are then substantially registered about t»eam cut-off properties of the lUuminator lOl^The diffuser 

the centers of individual conventional discrete LEDs 1014. 1<>29 may further mcorporate a unique spectral filter (such as 

As shown in FIG. 29 for an illuminator 1010 using a tmted compound or an optical coaUng such as dichroic or 
individual LED chips 1016 in a chip-on-board configuration, fc»and pass filter) to enhance illuminator aesthetics, hide 
more than one lenslet 1027^7 can be combined in an array to internal illuminator components from external view, or 
make lens 1027 whose constituent elements are lenslets 27a correct the color of mixed light projected by the illuminator 
oriented in substantial registry with the LED chips 1016, 1010. Diffuser 1029 is normally a compression or injection 
reflectors 1026, and pads 1024 and 1025. In FIG. 29, lenslets 20 molded clear polycarbonate or acrylic sheet whose 
1027a are shown as Total Internal Reflection (TIR) colli- embossed surface or internal structure or composition modi- 
mating lenses whose concave surfaces (facing the individual fies impinging light by refraction, reflection, total internal 
LED chips 1016) consist of radial microprism structures reflection, scattering, diffraction, absorption or interference, 
similar to those on a Fresnel lens. However, it should be Suitable holographic diffusers 1029 can be obtained from 
understood that Plano-convex, bi-convex, aspheric or their 25 Physical Optics Corporation in Soulhem California, and 
Fresnel, total-intemal-reflection (TIR), catadioptric or holo- binary optics may be obtained fi-om Teledyne-Brown of 
graphic optic element (HOE) equivalents are typical variants Huntsville, Ala. 

of lenslet 1027a. Lens 1027 or lenslets 1027a are used with It is preferred to have as few optical members as practical 

a wide variety of options known to those skilled in the art and, therefore, at least two can be combined into one integral 

such as color, f-number, aperture size, etc. These may be 30 piece. For example, deviator 1028 can be incorporated onto 

obtained from various manufacturers including U.S. Preci- an upper surface VSl27b of lens 1027 by simply placing an 

sion Lens, Reed Precision Microstructures, 3M, Fresnel appropriately machined mold insert into the planar half of a 

Optics Company, and Polaroid Corporation. mold for a Fresnel or TIR collimator lens. As mentioned 

Referring simultaneously to FIGS. 28 and 29, one or more hereinabove and shown in FIG. 29, diffuser 1029 may also 

optional secondary optical elements 1021 are used with the 35 be attached to or made integral with the lens surface 10276 

above-described conventional discrete LED designs (FIG. or the deviator surface 1028a. Procedures for consolidating 

28) or with LED array die-on-board designs (FIG. 29). the optical members will be known to those skilled in the art 

Secondary optical elements 1021 are components that influ- as will substituting various individual types of optical mem- 

ence by combination of refraction, reflection, scattering, bers for those listed above. All sudi combinations are 

interference, absorption, and diffraction the projected beam 40 intended to be within the scope of the present invention, 

shape or pattern, intensity distribution, spectral distribution, Clearly, whether conventional discrete LEDs 1014 or indi- 

orientation, divergence and other properties of the light vidual chips 1016 are used, those skilled in the art will 

generated by the LEDs. Secondary optical elements 1021 understand that many modifications may be made in the 

comprise one or more of a lens 1027, a deviator 1028, and design of support member 1012 whfle still staying within the 

a diffuser 1029, each of which may be in conventional form 45 scope of the present invention, and all such modifications 

or otherwise in the form of a micro-groove Fresnel should be understood to be a part of the present invention, 

equivalent, a HOE, binary optic or TIR equivalent, or In accordance with the present invention, the plurality of 

another hybrid form. conventional discrete LEDs 1014 and individual LED chips 

A deviator 1028 may be optionally mounted on or 1016 consists of two types whose emissions exhibit per- 
attached to the housing 1019 or otherwise attached to or so ceived hues or dominant wavelengths which are color- 
made integral with the lens surface 10276 and used to complementary and distinct from one another and which 
conveniently steer the coUimated beam in a direction combine to form a metameric white light. To discuss what 
oblique to the optic axis of the lens 1027 and/or reflector "metameric" and "complementary" mean in the present 
1026 used in the LED illuminator 1010. Deviator 1028 is invention, one must understand several aspects of the art of 
normally a molded clear polycarbonate or acrylic prism 55 producing and mixing light and the manner in which light 
operating in refractive mode for deviation angles up to about made from that mixing will be perceived. In general, 
35 degrees or in TIR mode (such as a periscope prism) for however, it is known that the apparent "color" of light 
deviation angles in excess of 35 degrees. This prism may reaching an observer depends primarily upon its spectral 
further be designed and manufactured in a micro-grooved power distribution and upon the visual response of the 
form such as a Fresnel equivalent or a TIR equivalent. 60 observer. Both of these must therefore be examined. 
Furthermore, a diffraction grating, binary optic, or holo- FIG. 30 is a graph plotting the relative spectral power 
graphic optical element can be substituted for this prism to versus wavelength for Standard "white" Illuminants A, B, 
act as a deviator 1028. In any of these cases, the deviator and C. The Standard Illuminants have been developed by the 
1028 is configured as a sheet or slab to substantially cover Commission Internationale de TEclairage (CIE) as a refer- 
the entire opening of the illuminator housing 1019 from 65 ence to reduce the complexity that results from colored 
which light is emitted. Such deviators are available from the objects undergoing appreciable changes in color appearance 
same sources as the lens manufacturers listed above. as the light source which illuminates them is changed. 
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Standard lUuminaiit A is a source having the same relative The reason for this is that, as mentioned hereinabove, the 

spectral power distribution as a Flanckian radiator at a apparent color of light such as from a self-luminous source 

temperature of about 2856 K. A Flanckian or blackbody dependsupontbe visual response of the observer, in addition 

radiator is a body that emits radiation, because of its to the characteristics ofthelight&om the source. In addition, 

temperature, according to Planck's law. True Flanckian 5 the apparent color of a non-self-luminous object or surface 

radiators are ideal abstractions, not practical sources, but (one which must be illuminated by a separate source in order 

many incandescent sources emit light whose spectral com- ^e seen) is slightly more complicated and depends upon 

position and color bears a close approximation thereto. For ^^^^ response of the observer, the spectral reflectance 

instance. CIE Stondard lUuminant A closely approximates ^^-^^^ ^^^^^ ^ question, and the characteristics 

the light emitted by many mcandescent lamps such as a of the Ught illuminating the object or surface. As illustrated 

tungsten halogen Limp. It is convenieni, therefore, to char- piGS^la, 31fc, and 31c, if a surface or object is a "neutral 

acterize the spectral power distribution of the radiation by « j-oi a * *i. n a /i- u • 

quoting the temperature of the Flanckian radiator having g^^^ '^^^^''''^ ^^^""J ^^^^ ''^^f^ ^^^^"g ^ 

approximately the same relative spectral power distribution. composition proportionally the same as tbe source which 

Standard Illuminants B and C represent "true" dayUght and Jlummates it, although mvariably dimmer. Since Oie relative 

sunhght, respectively; however, they have too little power in spectral power distnbution of the hght reflected from the 

the ultraviolet region compared with that of daylight and gray surface is the same as the lUuminatmg source, it will 

sunlight. appear to have the same hue as the illuminating source itself. 

All of these Illuminants are variations of white light and, If the illuminating source is white, then the surface will 

as can be seen from FIG. 30, have broadband spectral power appear white, gray, or black (depending on its reflectance), 

distributions. Incandescent light sources are typically solids 20 FIG. 31c shows the resultant spectral power distribution of 

that emit light when their temperatures are above about 1000 the light emitted from a plurality of amber and blue-green 

K and the amount of power radiated and the apparent color LEDs and subsequently reflected from a 50 percent neutral 

of this emission is directly related to the source temperature. gray target surface. 

The most familiar incandescent light sources are the sun. As stated hereinabove, the visual response of an observer 
flames from a candle or gas lamp, and tungsten filament 25 afiects the apparent color of emitted and reflected light. For 
lamps. Such sources, similar to CIE Standard Illuminants A, humans, the sensors or receptors in the human eye are not 
B and C in FIG. 30, have spectral power distributions which equally sensitive to all wavelengths of light, and different 
are relatively constant over a broad band of wavelengths, are receptors are more sensitive than others during periods of 
often referred to as broadband sources, and have colors low light levels. Cone receptors are active during high light 
which are perceived as nearly achromatic or white. Given 30 levels or daylight and are responsible for color perception, 
the diversity of white-light sources and the associated range Rod receptors are active during low light levels and have 
of near-white colors which are de facto accepted as white in little or no sensitivity to red colors, but have a significant 
various areas of practice, a color shall be deemed as white sensitivity to blue light. FIG. 32 is a graph plotting the 
within the scope-of the present invention, if it is substan- relative sensitivity of a "standard observer" versus wave- 
tially indistinguishable from or has color coordinates or 35 length for the spectral luminous eflSciency functions. The 
tristimulus values approximately equal to colors within the curve represented by V represents a standard observer's 
white color boundary translated from the revised KeUy visual sensitivity to stimuli seen under photopic (or high 
chart, within the SAE J578 achromatic boundaries, along the light level) conditions of vision, and the curve V represents 
blackbody curve including Flanckian radiators at color tern- a standard observer's visual sensitivity to stimuli seen under 
peratures between 2000 K and 10,000 K, sources close to 40 scotopic (or low light level) conditions of vision. As can be 
Standard Illuminants A, B, C, 0^5, and such common seen, the photopic response (V) has a nearly Gaussian shape 
illuminants as fluorescent Fl, F2, F7, high pressure sodium with a peak at about 555 nm and the scotopic response (V) 
lamps, xenon lamps, metal halide lamps, kerosene lamps or has a peak at about 508 nm. This difi[erence between relative 
candles. These are all well known in the art and will be spectral sensitivity during photopic and scotopic conditions 
referenced and discussed hereinafter. 45 amounts to an enhanced blue response and diminished red 
Unlike the other sources discussed, LEDs are nanow response during darkness and is known as the Purkinje 
bandwidth sources. In addition to Standard Illuminants A, B, phenomenon. Scotopic conditions exist when observed sur- 
and C, FIG. 30 shows the spectral power distribution of two faces have surface luminances of less than a few hundredths 
LEDs, one emitting a narrow-bandwidth radiation with a of a candela per square meter. Photopic conditions exist 
peak spectral power emission at 592 nanometers (nm) and 50 when observed surfaces have surface luminances of more 
the other at 488 nm. As can be seen by examination of this than about 5 candelas per square meter. A Uansition range 
figure, the characteristic spectra of LEDs is radicaUy differ- exists between photopic and scotopic vision and is known as 
ent from the more familiar broadband sources. Since LEDs mesopic (or middle light level) vision, represented by the 
generate light by means of electroluminescence (instead of intermediate curve in FIG. 32 which is an estimated typical 
incandescence, pyroluminescence or cathodoluminescence), 55 mesopic response. Another primary difference between 
the emission spectra for LEDs are determined by the band photopic, scotopic, and mesopic vision is the absence of 
gap of the semiconductor materials they are coostmcted of, color discrimination ability in scotopic conditions (very low 
and as such are very narrow-band. This narrow-band visible light levels) and reduced color discrimination abilities in 
light emission characteristic is manifested in a highly satu- mesopic conditions. This will be discussed further herein- 
rated appearance, which in the present invention means they 60 below. 

have a distinctive hue, high color purity, i.e., greater than The differences between photopic, mesopic, and scotopic 

about 0.8, and are therefore highly chromatic and distinctly viewing conditions are relevant to the present invention 

non-white. Despite the narrow-band attributes of LED light, because an illuminator is used to illuminate areas during low 

a combination of the emissions of two carefully selected light level conditions. Thus, before any illumination, the 

LEDs can surprisingly form illumination which appears 65 environment represents scotopic conditions of vision and 

white in color, with color coordinates substantially identical during full illumination (after the eye has had time to adapt 

to Standard Illuminants A, B or C. to the increased illumination), the environment is in the 
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photopic conditions of vision. However, during the time the the amount of power per small constant-width interval is 

eye is adapting, and on the "outer fringes" of the illuminated known for that color throughout the spectrum. Practically 

region even after adaptation, the environment is in the speaking, R, G, and B give the radiant intensities of 3 

mesopic conditions of vision. The eye's varying sensitivities monodiromatic light sources (such as lasers) with emissions 

to these different levels of illumination arc very important in 5 at 700 nm, 546 nm and 435 nm, respectively, needed to 

designing a proper illuminator. match the chosen color. 

The colors perceived during photopic response are basi- Referring again to FIG. 30, the reason that the combined 
cally a function of three variables, corresponding to the three emissions from the two depicted LEDs will look like a 
different types ofcone receptors in the human eye. There are broadband white-light source, even though they possess 
also rod receptors, however, these only become important in lO radically different spectral compositions, is because their 
vision at low light levels and arc typically ignored in color combined emissions possess the same tristimulus values (as 
evaluations at high light levels. Hence, it is to be expected computed by Equations 1-3) as those of the broadband 
that the evaluation of color from spectral power data should source Standard Illuminant B. This phenomenon is known as 
require the use of three different spectral weighting func- metamerism and is an essential aspect of the present inven- 
tions. FIG. 33 plots the relative response versus wavelength 15 tion. 

of the CIE color-matching functions for the 1931 standard 2 Metamerism refers to a facet of color vision whereby two 

degree observer. The color-matching functions, x(X,), y(X) light sources or illuminated objects may have entirely dif- 

and z(X) relate to the sensitivity of the three types of cone ferent emitted or reflected spectral power distributions and 

receptors in the human eye to various wavelengths (X) of yet possess identical tristimulus values and color coordi- 

hght through a series of transforms. As can be seen by the 20 nates. A result of metamerism is that additive mixtures of 

curves in FIG. 33, the color-matching function x(X) has a light from two completely different pairs of luminous 

moderate sensitivity at about 450 nm, almost no sensitivity sources (with their associated distinct spectra) can produce 

around 505, and a large sensitivity around 600 nm. Another illumination having exactly the same perceived color. The 

color-matching function y(K) has a Gaussian shape centered principles and application of additive color mixing and 

around 555 nm, and the third color-matching function z(X) 25 metamerism to the present invention are discussed in greater 

has a significant sensitivity centered aroimd 445 nm. detail later in this disclosure. 

As stated earlier, it is known that by combining a ted color FIG. 34 is a CIE 1976 uniform chromaticity scale (UCS) 

(such as a monochromatic source located at 700 nm and diagram, commonly referred to as the u', v' diagram. The u', 

hereinafter designated as R), a green color (such as a v' diagram is used to conveniently provide numerical coor- 

monochromatic source located at 546 nm and hereinafter 30 dinates that correlate approximately with the perceptible 

designated as G), and a blue color (such as a monochromatic color attributes, hue, and saturation. A UCS diagram is also 

source located at 435 nm and hereinafter designated as B) in used to portray the results of color matching computations, 

proper ratios, virtually any color can be exactly matched. color mixing, and metamerism in a form that is well recog- 

The necessary proportions of R, G, and B needed to match nized in the art and is relatively easy to understand and use. 

a given color can be determined by the above described 35 Of course, exact color perceptions will depend on the 

color matching functions x(X), y(X) and z(X) as in the viewing conditions and upon adaptation and other charac- 

following example. teristics of the observer. In addition, other color coordinate 

First, the amount of power per small, constant -width systems are available, such as the CIE 1931 2 degree 

wavelength interval is measured with a spectraradiometer Chromaticity Diagram (commonly refened to as the x, y 

throughout the visible spectrum for the color to be matched. 40 chart), CIELAB, CIELUV, Hunter and Munsell systems to 

Then, the color matching functions x(X), y(\) and z(K) are name a few. For the sake of simplicity, the present invention 

used as weighting functions to compute the tristimulus is further described hereinbelow using the CIE 1976 UCS 

values X, Y and Z, by further using the following equations: system. However, it should be understood that teachings of 

the present invention apply regardless of the color system 

A'«Al^^(>^)i+i'2r(;c)2+i*3x(\)3+ . . . pA^)m [11 45 uscd to describe the invention and therefore are not limited 

by this exclusive use of the CIE 1976 UCS system. 

Y-nP^^-^PTyQ^^i^P^jm,* . . . P^^% 12J Referring again to HG. 34, the location of a color on the 

z-Ji(MJ^)»+i'^)2+P3z{X),+ . . . PA>dn (31 ^' diagram is obuined by plotting V and u', where: 

where k is a constant; P,,,^,„ are the amounts of power per 50 ^-4X7pr+l5n3Z)^(-2x4l2^^3) [7] 

small constant width wavelength interval throughout the v'=9r/(y+i5r+3Z)=9y/(-2x+]23H-3) [8] 
visible spectruin for the color to be matched and x(>w)i 2.3^> 

y(X)i^ 3^ and z(K)i,2^^ are the magnitudes of the color- and where X, Y, and Z are the tristimulus values described 
matching functions (taken from the curves of FIG. 6) at the hereinabove (x and y correspond to the CIE 1931 Chroma- 
central wavelength ofeach interval. Finally, the approximate 55 ticity X, y coordinates and are provided for convenient 
desired proportions of the above-described monochromatic conversion). Thus, any color can be described in tenns of its 
sources R, G, and B are calculated from the above computed u' and v' values. FIG. 34 shows the respective positions on 
X, Y and Z tristimulus values using the following equations: the u', v' diagram for the Planckian Locus, the SAE J578 

boundaries for achromatic white light, Standard Illuminants 

«-2365y-0.897y-o.46fiZ [4] gQ A, B, and C, as well as the locus of binary additive mixtures 

from blue and red LEDs are shown. As can be seen. Standard 

c-0.5is^r+i.426y+o.08882 [5] niuminants A, B, and C, closely corresponding to blackbody 

fl-0.005203^-O.Ol44r+i.009Z 16] radiators, lie along the Planckian Locus. 

The Planckian Locus is a curve on the u', v' diagram 

Therefore, the color-matching fimctions of FIG. 6 can be 65 connecting the colors of the Planckian radiators at various 

used as weighting functions to determine the amounts of R temperatures, a large portion of which traverses the white, or 
(red), G (green) and B (blue) needed to match any color if achromatic region of the diagram. Hie SAE JS78 achromatic 
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white boundaries shown were translated from CIE 1931 appropriately tailoring the proportions of light from each of 

Chromaticity y coordinates using Equations 6 and 7 these two complementary colors, we produce a metameric 

hereinabove and are generally used to define what is an white resultant color, or alternatively any other resultant 

acceptable white light for automotive purposes (although color between the two complementary color stimuli 

many automotive white lights in use fall outside these 5 (depending on the proportion of the additive mixture), 

boundaries). Although the saturated sources of greatest interest are LEDs, 

Also shown in FIG. 34 is the range of colors producible whose emissions arc narrow-band, the present invention 

by a hypothetical additive color-combination of red (660 clearly teaches that similar results could be achieved with 

nm) and blue (460 nm) LEDs. FIG. 34 clearly shows how far other appropriately chosen narrow-band light sources, 

off the Planckian Locus and the SAE J578 achromatic lO FIG. 36 is a CIE 1976 UCS diagram which broadly 

boundaries that the colors produced by this combination fall. illustrates how the additive mixture of light from two LEDs 

In fact, the locus of binary additive mixtures from these blue having complementary hues can be combined to form a 

and red LEDs has perceived hues of red, pink, purple, violet, metameric white light. Also shown arc the approximate 

and blue. This system would therefore not be suitable as the boundaries of the "white" color region which has been 

improved white-light illuminator of the present invention. 15 translated from the revised KeDy chart and the CIE 1931 x, 

A white-light illuminator might in fact be constructed, y Chromaticity Diagram. The Kelly chart and 1931 x, y 

however, from a three-color system. As stated hereinabove, Chromaticity Diagram are not shown but are well known in 

a R-G-B combination can produce almost every conceivable the art. FIG. 36 further depicts a first embodiment of the 

color on the 1976 UCS diagram. Such a system would be present invention utilizing a combination of one or more 

complex and expensive, however, and/or would suffer from 20 LEDs whose emissions have peak wavelengths of approxi- 

unacceptable manufacturing variations inherent to R-G-B mately 650 nm and 500 nm and perceived hues of red and 

systems. green. As the diagram shows, this produces a "white" light 

This is illustrated best by reference to FIG. 35, which located between Standard niuminants A and B on the 

again shows the CIE 1976 UCS diagram, the Planckian Planckian Locus. 

Locus, and the translated SAE J578 boundaries. In addition, 25 It should be understood, however, from the above discus- 
the locus of ternary additive mixtures producible from sions that substantial variations inherent to conventional 
hypothetical R-G-B LED configuration combinations and discrete and individual chip LEDs will cause changes in the 
estimated manufacturing variations associated therewith are coordinates of the resultant additive color mixture. The 650 
shown. Due to various uncontrolled processes in their nm LED depicted in FIG. 36 may fall into a range of LEDs 
manufacture, LEDs of any given type or color (including 30 with peak wavelengths ranging from 635 to 680 nm whose 
red, green, and blue) exhibit large variations from device to light has the hue of red, and the 500 nm LED depicted in 
device in terms of their radiant and luminous intensities, and FIG. 36 may fall into a range of LEDs with peak wave- 
smaller variations in hue. As can be confirmed by reference lengths ranging from 492 nm and 530 nm and whose light 
to typical LED product literature, this variation can represent has the hue of green. In this embodiment, this variation, and 
a 200 percent change in intensity from one LED to another 35 more particularly the pronounced intensity mamifacturing 
or from one batch to another, even if the compared LEDs are variations of the plurality of LEDs used, will cause the 
of the same type and hue. Equations 7 and 8 clearly show the coordinates of the resultant mixture to traverse the u', v' chart 
dependency of a color's u', v' coordinates upon its tristimu- in a direction generally substantially perpendicular to the 
lus values X, Y and Z, and Equations 4-6 show a linking Planckian Locus into either the yellowish pink or the yel- 
dependency to source power (or intensity). Thus, variations 40 lowish green region of the u', v' diagram. Fortunately, as 
in R-G-B LED intensity and hue will cause variations in the discussed hereinabove, there is some tolerance in the human 
u', v' color coordinates of their mixed light. Therefore, it visual system for acceptance of slightly non-white colors as 
wouldbe very difficult to construct a large number of R-G-B effectively white. It should be understood that a similar 
LED illuminators with any assurance that their light would mixture of red-orange or red LED light (with a peak wave- 
reproducibly match a desired color such as a white. This is 45 length between 600 nm and 635 nm or between 635 and 680 
illustrated by the shaded area in FIG. 35 and is referred to nm, respectively) with a complementary green LED light 
as the Locus of R-G-B LED Manufacturing Variation. (with a peak wavelength between 492 nm and 530 nm) or a 

Thus, with a red, green, and blue (RGB) combination, mixture of yeUow-green or yellow LED light (with a peak 

white light can be reproducibly created only if extraordinary wavelength between 530 nm and 572 nm) with a purple-blue 

measures were invented to ensure that the additive color mix 50 or blue LED light (with a peak wavelength between 420 nm 

proportions are maintained during LED and illuminator and 476 nm) can be made to function in the same manner to 

assembly production. This would involve extensive mea- produce similar results and are included in the scope of this 

surement and for every LED to be used or perhaps incor- embodiment of the present invention. Thus, a system as 

poration of active electronic control circuits to balance the described herein would function as an embodiment of the 

LED output in response to some process sensor. The extra 55 present invention if the other parameters were also met (such 

costs and complexity associated with such an approach, as projecting effective illuminance), 

combined with the obvious complexity of supplying three A more preferred embodiment is illustrated in FIG. 37 

different types of LEDs through inventory and handling which is a CIE 1976 UCS diagram illustrating a binary 

systems, is daunting and renders such a configuration unsuit- complementary combinatiou of light from a plurality of 

able for the illuminator applications of the present invention. 60 LEDs of two different types having peak wavelengths of 592 

In the broadest sense, therefore, the present invention nm and 488 nm and perceived hues of amber and blue-green, 

relates to producing nearly achromatic light by additively respectively, such that the light from the two types of LEDs 

combining complementary colors from two types of colors overlaps and mixes with sufficient intensity and appropriate 

of saturated LED sources or their equivalents. By complc- proportion to be an effective illuminator projecting white 

mentary we mean two colors that, when additively 65 light. Although their spectra are very different from that of 

combined, reproduce the tristimulus values of a specified any Standard Illuminant, the mixed output of an amber LED 

nearly achromatic stimulus, e.g. a reference white. By and a blue-green LED appears surprisingly to be almost 
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identical to Standard Illuminaot B or C when viewed by a As discussed hereinabove, intensity and hue variations are 
"standard" human observer. On FIG. 37, the u\ v' coordi- a natural by-product of random variations occurring in 
nates of the nominal mixture occur at the intersection of this production of LEDs. For this embodiment of the present 
dashed line and the Planckian Lx)cus, between Standard invention, however, the need for intensive in-process manu- 
[lluminants A and B. Since the u', v* coordinates of the LED 5 facturing controls and electronic controls integrated onto an 
colors in this embodiment mark the endpoints of a line illuminator assembly to compensate for inherent manufac- 
segment which is substantially coaxial with the Planckian turing variations for LEDs is largely eliminated. This is 
Locus and the long axis of the SAE JS78 achromatic white illustrated by the substantially coaxial relationship between 
boundaries, any intensity variation deriving from manuf ac- the line connecting the u', v' coordinates of the preferred 
turing variations will produce colors along an axis remaining LEDs of the present invention and a best-fit linear approxi- 
in close proximity to the Planckian Locus and within the mation to the portion of the Planckian Locus from 2000 K 
boundaries of other widely-accepted definitions of white. to 10000 K. In addition, process controls, inventory 
This significantly simplifies the manufacturing process and management, materials handling, and electronic circuit 
control electronics associated with the illuminator, which design are further simplified by only having two colors to 
decreases the overall production cost and makes commcr- manipulate rather than three. This substantial simplification 
cialization more practical. In addition, we have found that of decreases manufacturing costs significantly and augments 
the many types and hues of LEDs presently available, the the present invention's capabihty for creating and projecting 
two preferred types of LEDs for the present invention have white light — the only color of light desired for the practical 
very high luminous efficacy in tenns of light emitted com- embodiments of the present invention, 
pared to electrical power consumed. These arc transparent The flexibility of the present invention is further amplified 
substrate AlInGaP amber LEDs available fi-om Hewlett 20 by application of additive color techniques to synthesize the 
Packard Inc., Optoelectronics Division located in San Jose, end member constituents of the binary-complementary LED 
Calif., and GaN blue-green LEDs available from Nichia light mixture described hereinabove. This approach is best 
Chemical Industries, LTD located in Anan-shi, Tokushima- understood by reference to FIG. 40, which illustrates the use 
ken, Japan. of additive sub-combinations of non-complementary LEDs 
FIG. 37 further amplifies this embodiment of the inven- 25 to form effective binary complements conesponding to the 
tion by illustrating issues of manufacturing variation within two types of LEDs discussed hereinabove. Hues 1-7 repre- 
tiie context of other definitions of white. The hatched lines sent the emissions from LEDs as follows: hue 1 is purple- 
between amber (peak emission between 572 nm and 600 blue or blue for LEDs with a peak wavelength between 420 
nm) and blue-green (peak emission between 476 nm and 492 nm and 476 nm, hue 2 is blue-green for LEDs with a peak 
nm) show the range in LED hue variations at either endpoint 30 wavelength between 476 nm and 492 nm, hue 3 is green for 
for this embodiment which would be generally capable of LEDs with a peak wavelength between 492 nm and 530 nm, 
producing metameric white light. Since LEDs are solid-state hue 4 is yellow-green or yellow for LEDs with a peak 
devices comprising a base semiconductor material and one wavelength between 530 nm and 572 nm, hue 5 is amber for 
or more dopants which impact the spectral emission char- LEDs with a peak wavelength between 572 am and 605 nm, 
acteristics of the LED, the level of doping and other process 35 hue 6 is red-orange for LEDs with a peak wavelength 
parameters can be adjusted to intentionally modify the peak between 605 nm and 635 nm, and hue 7 is red for LEDs with 
wavelength emitted by the LED. Furthermore, as discussed a peak wavelength between 635 nm and 680 nm. An additive 
hereinabove, certain random variations also occur, affecting mixture of light from one or more LEDs with hues 6 or 7 and 
the additive color mixture . In this embodiment of the present one or more LEDs with hue 4 can be combined to form light 
invention, however, larger than normal variations can be 40 having the same hue and substantially the same saturation as 
tolerated. This is because a large part of the area between the LED light with hue 5. Thus an equivalent or substitute for 
hatched fines and within the monochromatic locus of the the amber LEDs of FIG. 38 is synthesized by additive 
chart overlaps the areas commonly perceived as and referred combination of the emitted light from two types of LEDs 
to as white, such as the Planckian Locus, the marked region whose emissions are characterized by hues 6 or 7 and 5, 
corresponding to the translated Kelly boundaries for the 45 respectively. In a similar fashion, an additive mixture of light 
color white, or the shaded region corresponding to the from one or more LEDs with hue 1 and one or more LEDs 
translated SAE J578 boundaries for achromatic white. with hue 3 can be combined to form light having the same 
Therefore, all of the additive colors resulting from reason- hue and substantially the same saturation as LED light with 
able variations in the LED intensity and hue of this embodi- hue 2, thus synthesizing an equivalent or substitute for the 
ment fall within one of the white regions. The figure thus so blue-green LEDs of FIG. 38. 

clearly illustrates how there can be a range of amber LEDs When a non-complementary sub-combination of LED 

whose hues are complementary with a range of blue-green light is used to synthesize an equivalent or substitute to one 

LED hues which, when combined, form substantially white of the end members of the aforementioned binary comple- 

light. mentary mixture, then the resultant fight from the sub- 

The most preferred embodiment of the present invention 55 combination is mixed with its binary complement or effec- 

uses a binary complementary combination of light from a tive binary complement and projected via a lens and/or other 

plurality of LEDs of two different types having peak wave- optical elements to form an effective metameric white 

lengths of 584 nm and 483 nm and perceived hues of amber illumination. This can be important in commercial practice, 

and blue-green, respectively, such that the light from the two where prolonged supply disruptions are common for LEDs 

types of LEDs overlaps and mixes with sufficient intensity 60 of one variety or another due to explosive growth in market 

and appropriate proportion to project effective white illxuni- demand or insufficient LED manufacturer capacity. As 

nation. When plotted on a color chart, the u', v' coordinates explained herein, such a disruption can be mitigated in the 

of the light emitted by the LEDs of this embodiment mark case of the present invention by the use of sub-combinations 

the endpoints of an interconnecting fine segment that is of more readily available aUemative LEDs to form equiva- 

coaxial with the portion of the Planckian Locus which 65 lent complements. 

traverses Standard niumioaots A, B and C, as shown in FIG. Incoiporating LEDs, the vehicle has a number of advan- 

39. tages over prior art incandescent lights as follows. 
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Because individual LED chips are extremely small, typi- widely. Typically, good beam mixing (and thus balanced 

cally measuring 0.008 incbcsxO.008 inchesxO.008 inches, additive complemcntaiy light combination to produce tea- 

tbey approximate a point source better than most incandes- sonably uniform white light) requires a minimum operating 

cent filaments and the oollimating optics (such as lenses and noge of about 10 times the average distance between each 

reflectors) used with either the conventional discrete LEDs 5 LED and nearest color complement in the phirality. This 

or chip-on-board LEDs can perform their intended function minimum operating range for good beam mixing is very 

with much greater efifecUveness. The resultant LED illumi- dependent on the application requirements and optics used, 

nator projects a more uniform and precisely tailored and bowever, and can be a mudi larger multiple of complemen- 

directcd intensity distribution. tatyL£D pitch spacing • f.,, , 

LEDs have an extraordinarily long Ufe compared with the lo J^^ f^KV^"^^ . ' ""^1''^ ^ 

typical 1,000-2.000 hour life for incandescent Ughts. A "^j"^ ^. »° '""TT* ^ ^h"'«='enstf 

typical LED will last anywhere from 200.000 to 2 million "if ^oU^f "g ophes and diffiisers used determine the 

hours, depending on its design, manufacturing process, and °f consUtuent hght m the jlhimmator s beam 

operating regime. LEDs are also much more rugged than Fortunately, these can be tadored to mw^^ 

incandescent bulbs; they are more resistant to mechanical is fo-nbinatoon of far-field intensity distabution, aperture, 

shock and vibration, thermal shock and impact from flying ^'^ •^'"F ">gle cotor uniformity and mmunum operat- 

debris. niey further are virtually impervious to the on-off '^^'""'^.^"'f!!'^:!,^ ""'^"r 

switching transients which cause substantial reliabUity prob- bicycle headlainp. the predetermined disUnce for 

lems for incandescent systems. The lifetime and reUability f o**';" "^^^ illummaUon may be 5 feet and convenUonal 

advantage is significant, and when coupled with their inher- 20 disc^^ LEIte may be suitab e as Uie plurality m the 

em ruggednesJ, the advantage of using LEDs becomes jU-m-naton For an instrumen panel indicia baddight, 

striking however, the predetermined distance for effective uniform 

Comparing an amber LED (Part No. HLMT-DLOO, from aiumination may be 0.25 inches or less and a chip-on-board 

Hewlett Packard) with a 0.72 W power dissipation from the '^"^e low f# lenslets will ahnost certainly be 

circuit in FIG. 21. with a Philips type 192 lamp run at 13.0 25 ""j}",. , ^, , , c •• u.f 

\r u .u _ .u J . p [^u • n r. ^. c_«„ f:™.- Referrmg to FIG. 41, the level or mixing of light from the 

Volt, using the method set forth in Mihtary Specification ^ , r-r^ „ ' l ■ ■ j j 

HDBK-217F-1, illustrates the significant disparity in calcu- ^^'^ ^ED^ as well as the lummous output, depend on the 

lated failure rate. THe results show that the amber LED '"'^''""'^^ ^\ ^'"'/j?" '^^^"^ fj^' '^^^^^ ^ "^e^een 

would have a 0.17 percent failure rate whereas the incan- complementary LEDs. If the LEDs in the plurality are 

descent lamp wouM have a failure rate of 99.83 percent over 30 Pf''^ ''^'^^ ^^^l^"' completely at a 

the same time eriod shorter projected dislance and the uniformity of the color 

k5. incaSdtecent lamps possess very low electrical and illuminance of the combined beam is improved. The 

resistance when first energized unta Ihey heat up to incan- P» ^^""^ ^ between complementary LEDs in the plu- 

descence and therefore draw an inrush current which can be '^^'y T*^ ^^^1 f'""" approximate^^ 0.020 inches (for 

12-20 times their normal operating current. This inrush 35 ^ chip-on-board LED array) to as much as 3 inches for a 

places tremendotB themo-mechanical stresses on the flla- ''P""'^^" °' e^'^' ^™ applications, but is 

ment of the lamp, and commonly contributes to premature Pf ^'f^y J? ^.""^^ ^ P°^*l«- Convenuonal discrete LEDs 

faitare at a fracUon of rated service life (much shorter than often have their own mtegral optical elements assembly, and 

the service life of a vehicle). Inrush current dso stresses therefore, toere is a hmit on how closely tt,^ 

otherekctronic components in or attached to the illuminator 40 ">g^*"- ^^^^"^ ^ LEDs used to gather the above data 

system such as the power supplies, comiectois, wire were placed m a row approximately 0.4 inches apart^ 

harnesses, fuses and relays such that all of these components "nie above descnption is considered dial of the preferred 

* u J • J . '*u^*^^A -^-^.♦^^ ^^«„„„ embodiments only. ModiflcatiODS of the invention Will occur 

must be designed to withstand repealed exposure to this , * ^ • . ^ j . , .i. 

1 . • 7 T T-T-t u ..„u #u*-»<?™ to those skilled in the art and to those who make or use the 

large transient. LEDs have no inrush current and therefore r - ^ . j . *l u 

^. J „ P mvention. Therefore, it is understood that the embodiments 

avoid all of these issues. 45. .j. j. .t_jt_ i r 

The "bloom time" for an incandescent lamp or time it "^"^"^ drawings and described above are merely for 

takes for the lamp to become fully bright after its supply >ll'«.traUve purposes and not intended to hmit the scope of 

voltage is initially applied is very long-in excess of 0.2 f ^^^''^ ^^'^ f^'^ff f 

seconds for man/lamps. Although extremely fast response Interpreted accordmg to the prmcqiles of patent law, mchid- 

times are not mandatory in a vehicle light, a fast response so mg the Doctnne of Equivalents, 

characteristic is advantageous for electronic control of inten- ^ c mven iDn c aime is. 

sity and color mix proportions as discussed below. Further, 1' ^ ^^^^^^ ^^^^ ["^P ^!°^ly oompnsmg: 

certain binary complementary metameric white LED iliu- * support stnicture for mounUng to a vehicle; 

minator applications such as lamps aiding surveillance may a lens mounted to said support stnicture; 

benefit from a strobe-like ability to become bright quickly 55 a first set of LEDs mounted to said support structure 

upon electronic activation. behind said lens, said first set of LEDs being activated 

An important criterion for an effective illuminator is that in response to a first activation signal such that colored 

its projected light must conform to accepted definitions of light is emitted from said lens; and 

white light as previously described at reasonable operating a second set of LEDs mounted to said support structure 

ranges. Inasmuch as the additive complementary color mix- 60 behind said lens, said second set of LEDs being selec- 

ture of the present invention depends on overlapping of tively activated in response to a second activation 

projected beams from the member LEDs of the plurality in signal such that substantially white light is emitted 

the illuminator, it is important to understand that each from the lamp assembly, wherein said second set of 

illuminator of the present invention will have a minimum LEDs include LEDs that emit binary complementary 

operating distance for well-blended metameric white light. 65 colors, and wherein said vehicle signal lamp assembly 

Depending on the actual LED array and associated optics is capable of projecting white illumination of greater 

utilized in a given embodiment, this distance will vary than 15 lux at a predetermined distance of 10 times the 
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mmimum distance between any two of said LEDs in 
said second set of LEDs. 

2. A vehicle lamp assembly for mounting to a vehicle 
comprising: 

at least one multichip white-light-emitting discrete LED 5 
device, said LED device including: 
a lead frame, 

at least two LED chips mounted on said lead frame, and 
a polymer encapsulant for encapsulating said LED 
chips on said lead frame, wherein when energized, lO 
said LED chips emit light having two different and 
complementary spectral bands that together form 
white light. 

3. The vehicle lamp assembly of claim 2, wherein said 
first LED chip is activated in response to a first activation 15 
signal such that light is emitted from said lamp assembly 
having a first hue, and both said first and second LED chips 
are activated in response to a second activation signal such 
that substantially white light is emitted from the lamp 
assembly 20 

4. The vehicle lamp assembly of claim 2 further including 
a lens positioned in front of said LED device. 

5. Tlie vehicle lamp assembly of claim 4, wherein said 
lens includes first and second lens regions. 

6. The vehicle lamp assembly of claim 4, wherein said 25 
first and second lens regions are clear. 

7. The vehicle lamp assembly of claim 4, wherein said 
first lens region is red. 

8. The vehicle lamp assembly of claim 4, wherein said 
lens is configured to be mounted to an inside surface of a rear ao 
window of the vehicle. 

9. The vehicle lamp assembly of claim 8, wherein said 
rear window is made of privacy glass. 

10. The vehicle lamp assembly of claim 4, wherein said 
lens is configured to be mounted integrally within a window 35 
frame. 

11. The vehicle lamp assembly of claim 2 and further 
including a camera and a support structure, wherein said 
camera and said at least one white-light-emitting discrete 
LED device are mounted on said support structure and 40 
oriented to emit light in a rearward direction from the 
vehicle and to capture images to the rear of the vehicle for 
display to a vehicle operator, wherein said camera captures 
images at periodic intervals and said at least one LED device 

is periodically activated to emit light during those intervals 45 
when said camera is not capturing images. 

12. The vehicle lamp assembly of claim 2, wherein at least 
one of said LED chips emits red light. 

13. The vehicle lamp assembly of claim 2, wherein said 
LED device further comprises an additional LED diip that so 
emits red light, 

14. The vehicle lamp assembly of claim 2, wherein said 
LED device emits red light in response to a brake signal. 

15. The vehicle lamp assembly of claim 2, wherein said 
assembly is adapted to be mounted to the rear of the vehicle 55 
and to function as a center high-moimted stop light. 

16. The vehicle lamp assembly of claim 2, wherein said 
LED device emits substantially white light in response to a 
back-up activation signal to serve as a back-up light. 

17. The vehicle lamp assembly of claim 2, wherein said 60 
LED device emits substantially white light to function as a 
rear illumination light. 

18. The vehicle lamp assembly of claim 17, wherein said 
LED device functions as a cargo light. 

19. The vehicle lamp assembly of claim 2, wherein said 65 
LED device emits colored light in responsive to a turn 
signal. 
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20. The vebide lamp assembly of claim 19, wherein said 
colored light is red. 

21. The vehicle lamp assembly of claim 2, wherein said 
LED device emits red light in response to a running light 
signal. 

22. A vehicle lamp assembly for mounting to a vehicle 
comprising at least one multichip LED device, said multi- 
chip LED device including a first LED chip and a second 
LED chip, where said first LED chip emits light having a 
first hue that is different from a second hue of light that is 
emitted by said second LED chip, said multichip LED 
device being selectively activated in response to an activa- 
uon signal such that when the activation signal is received 
both said first and second LED chips are proportionately 
energized and light projected from said first and second LED 
chips overlaps and forms effective white light. 

23. The vehicle lamp assembly of claim 22, wherein said 
lamp assembly is mounted to the rear of the vehicle and said 
LED device is oriented to emit light in a rearward direction 
from the vehicle. 

24. The vehicle lamp assembly of claim 22, wherein said 
LED device further includes: 

an electrically conductive lead frame, wherein said first 
and second LED chips are mounted on said lead frame, 
and 

a polymer encapsulant for encapsulating said first and 
second LED chips on said lead frame, wherein said 
LEDs emit light through said encapsulant. 

25. The vehicle lamp assembly of claim 22, wherein said 
lamp assembly is configured to be mounted to an inside 
surface of a rear window of the vehicle. 

26. The vehicle lamp assembly of claim 25, wherein said 
rear window is made of privacy glass. 

27. The vehicle lamp assembly of claim 22, wherein said 
lamp assembly is configured to be mounted integrally within 
a window frame. 

28. The vehicle lamp assembly of claim 22 further com- 
prising a camera and a lens, wherein said camera and said at 
least one multichip LED device are mounted behind said 
lens. 

29. A vehicle lamp assembly comprising: 

a lamp structure comprising at least two LED chips, said 
lamp structure adapted for mounting to a vehicle, 

wherein, when proportionally energized, said LED chips 
emit light having two different and complementary 
spectral bands other than red and that together form 
effective white light, 

30. The vehicle lamp assembly of claim 29, wherein said 
LED chips are mounted on a common support structure. 

31. The vehicle lamp assembly of claim 30, wherein said 
common support structure is a leadframe of a discrete LED 
device having an encapsulant that encapsulates the LED 
chips on said leadframe. 

32. The vehicle lamp assembly of claim 30, wherein said 
common support structure is a substrate and the lamp 
assembly further includes an encapsulant that encapsulates 
the LED chips on said substrate. 

33. The vehicle lamp assembly of claim 29, wherein said 
plurality of LED chips are packaged in discrete LED device 
packages. 

34. The vehicle lamp assembly of claim 33, wherein each 
LED device package emits white light 

35. The vehicle lamp assembly of claim 34 and further 
including additional LED device packages that emit light of 
colors other than white. 

36. The vehicle lamp assembly of claim 34, wherein the 
vehicle lamp assembly is configured for mounting to the 
exterior of the vehicle and functions as an illuminator 
assembly. 
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37. The vehicle lamp assembly of claim 34, wherein the 
vehicle lamp assembly is configured for mounting to the 
interior of the vehicle and functions as an illuminator 
assembly. 

38. The vehicle lamp assembly of claim 34 and further 
including a lens, wherein each of said plurality of LED 
device packages arc mounted behind said lens. 

39. The vehicle lamp assembly of claim 34 and further 
including a support member, wherein each of said plurality 
of LED device packages are mounted to said support mem- 
ber. 
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40. The vehicle lamp assembly of claim 39 and further 
including a lens mounted to said support member, wherein 
each of said plurality of LED device packages are mounted 
behind said lens. 

41. The vehicle lamp assembly of claim 29, wherein said 
lamp structure is adapted for mounting to the vehicle so as 
to illuminate at least a portion of the interior of the vehicle. 

42. The vehicle lamp assembly of claim 29, wherein said 
lamp structure is adapted for mounting to the vehicle so as 
to illuminate at least a portion of the exterior of the vehicle. 



10 
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. . To all whom it may concern » 

; BeitknownthatI,EBBNG.BALCH,aciti- 
, = zen of the United States,, and a resicient of 
■ , Q.^Y^^^P^^^ t^^e county of Essex and 
. 6 fetate of Massachusetts, have invented a new 
and Iinproved Aeroplane.Signal, of whicK 
. . the following..is a full, clear, and exact de- 
scnption. ■ 

This invention relates to signaling appara- 
10 tus, and has particular referervce.to variable 
or changeaTile light or color signals to be 
transmitted through jgreat distances and 
recognized by sight ^ distinguished from 
• nearjng or other senses; 
15 Among the objects of the invention is to 
pro vicle a signaling device or system for use 
on or m connection with rapidly moving ve- 
...hiclesj the systiem including one or . more 
light vnits each of which is provided with a 
20 plurahty of bull's eyes or/^vihdows I ar- 
■: ranged that at lease one of them will be 
..visible irrespective-of.tlie direction from the 
-pDserverm which' the yehicle may be locate 
; v A further object', of the invention is to 
26 equip-.a flying machine or aeroplane with one 
.or more of the aforesaid light units pref- 
erably on the ..top and bottom, the plurality 
of.: units being arranged in multiple for 
. / si.iTiultaneous . operatidni means bein^ pro- 
S0.:vided to enable the:driver or aviatoFto so 
. pia^ipulate the light mechanism to ef. 
■ :^?^i^®ly transmit the desired light signal, 
.-smtably codified desired, so that other 
■ o« .^^^ -^^ ^^^'^^^ observers may recognize 
35 the signaJs and thereby understand what the 
: intention of the .aviator or operator originat- 
ing, the signals is. . 
While I illustrate and refer herein to the 
• : apphcation^of^my present improvement to . 
•40-,a.irGraft^t is to be distinctly, understood tha-t 
I do not intend to be limited unnecessarily 
m^this- respect to any particular field, of iise- 
tulness. for iny im'provement, reserving, the 
""fP-^-.P^^F^W to. extend Tetr Ikrge^ the 
46 actmties otthe system to the fullest possible 

' ex^j}\so^ra^^^^ : 

With the. foregoing and other objects in 
view the invention consists in the arranffe- 
nient -and combination .of parts- hereiria^r 
eo ..described and claimed, and while the inven- 
. tion is not restricted .to the kact- details: of 
: ^f.^f^^t^^^^^ herein, 
. still; for the purpose of illustrating a praotii 
\k ^"^Dodiment thereof .reference is had to 
66 the accompanying drawings, in which like. 



i Ar*''' designate the same parts 

m. the several views, and in which- 

iJlnJlT ^'^''^^ elevation- or diagram 

f the employment of two of my '60 
ffi at: the top and one.at the . 

. bottom and showing how that at least one * 
beam of hght from either of the.lighMm^S * 
or lamps willbe certain to be in ranfe of any ' 
obseiwer withm the ran^e of the Dower' If ^ 

tion of the observer from the machine. . 
switch box. ^ ^'^"^ controller or 

line's irF^^f^ sectional view on the 70 * 

FiV 4 is a dia^am of the- wiring and in- - 
1 catmg the relation of tlie lamps to the con- 
. troller and hght projecting means. 

lin?f-5 ■ of Fig'r"''^ ^^^^ ' 

ctSngs, a..fiide elevation of one of the lamp 

Fig. 7 is a vertical section on the line 7^7 • 
of Fig. 8.. . ' 

Specific^ reference will first be made'to the -85- . 

^^^^^ units eadh- ' 
represented as a whole at 10, and shown in * 
the drawmgs as being arranged in multiple, 
two m nvimber , one at the top and front por- • * • 
tipn of the aeroplane .11, and one at the bot- 90 
torn thereof Each lamp imit in general 
compmes a lamp casing 12 . secured in ^ny ' - 
suitable manner on a base 13, said casino be- 
ing provided with four lateral 'bull's eyes or 
wmapws 1.4, the axes of whieh .all lie in 96' 
tJie same horizontal plane,- and- a fifth bulPa • 
eye or wmdow 15 the axis of which is per- 
pendicular to. tiie plane of the other axes so • 
that^the axis of the window 15 with respect • 
• to the lamp unit on top of the vehicle will 100 

be aipward while the corresponding aiis 
.ot the lower unit will be downward -It is 
to be understood obviously that the liffhi 
trom .the lateral windows* 14 .yiirproiW 
normally into horizontal dire:;tions' from 106 
both lamp units, forward, rearward, and 
laterally. when the. system is in. use: Ar- 
ranged centrally withih.the casing 12 and ap- 
proximately at the intersection of the axes of. . 
the several bull's eyes or windows is located no 



08/13/2003, EAST Version; 1.04 .0000 



1,320,308 



vii electric lamp 16 of suitoble construction 
and power and preferably of low vpltagc. 

* "As suggested for this purpose the employ- 
ment of a twenty-four ciindle power nitrogen 

6 filled tungsten lamp is.pveferable. ^ 
Making further reference to the mechani- 
cal constriTction of the light projecting ap- 
paratus, 17 indicates a frame supported upon 

• • or in connection with tlie base 13, said frame 
10 being- suitably designed to. constitute snp- 

■ ports fbr the fixed parts and bearing's for the. 
several movable parts of said projecting 
apparatus, 18 indicates a shaft journaled ni 
the lower portion of the frame 17, ^^^d with 
15 its axis normally vertical and centriU of the 
lamp casing. On the upper or inner end oi 

..the shaft 18 is fixed a crown gear 19 with 

• which mesh continually a series of pmions 
20 journaled in th& frame and having their 

20 axes intersecting in the vertical" axis of. the 
shaft 18, Each of these pinions meshes with 

• a corresponding gear 21 fixed to a horizontal 
'. shaft 22 toiwhich is fixed a rotary shutter 

23. The axes of the sliafts 22 lie in the same 
26 horizontal plane belov the plane of the axes 
of the windows 14, hence each of the shut- 
ters rotates in a vertical plane. This descrip- 
tion will be understood as being applicable 
to the light casing arrange on the. top . of 
30 the vehide in norm^ advancing position, 
and with respect to the light casing at the 
'bottom of the vehicle the description will be 
applied as inverted. . 
W ith reference how to Figs. 8 and 9 it will 
35 be noted that the crown gear 19.m^hes with 
- a fifth pinion 24 journaled on a fixed axis 
25 at one corner of the frame 17. Thispmion 
24 includes also a miter gear meshing with 
a corresponding miter gear 26 fixed upon the 
40 lower end of a vertical shaft 27 to which at 
> the upper end is fixed a .rotary shutter 28 
operating in a horizontal plane. 

Except as to location the shutters 23 and 
28 will be understood to be identical in.con- 
45 struction, operation, and function. Fig. 6 
indicates each of these shutters bemg m the 
form of a disk, and provided with a series 
of distinguish!^^ color disks or wafers con- 
stituting insei-ts in a like number of circular :. 
50 openings formed in the disk between its axis •. 
and its periphery. Said wafers are Indioa^ . 
ed as seven in number and equally spaced 
. circumferentially and radially and of differ- 
ent distinguishing colors. As shown. in Fig. 
65 6, for example, 1 provide seven of these 
wafers indicated at 29S 29S 29S 29% 29% 29^ 
and 29% the literal exponents representing 
the colors orange, green, red, dear, blue,* 
yellow, and purple i^ectively, • Obviously 
eo any -other coloi-s may be employed and in 
greater or less number according to the re- 
quii-ements in an j particular use or construc- 
tion covering my' improvement. 
' The axis of tM vertical shaft 27 is.spaced 
65 laterally from the vertical axis of the. win- 



dow 15 to correspond ^ith the distance of 
the plane of the axes of the shafts 22 below 
the plane of. the axes of tlie- windows 14. • 
This distance with respect to all of the shut- 
ters is so designed- as £o " bring the wafers 70: 
during the rotation of the shutters succes- 
sively directly between the lamn 16 and the 
respective windows 14 and 15, it being under- . 
stood that the wafers of all of the shutters are 
so adjusted or timed as to display like colors 76 
simultaneously through* all of the windows. 

Directly between the lamp 16. and each of 
the active wafers is located any suitable type 
or construction of light condenser ;30 similar 
to an ordinary stereopticon by which the 80. 
effect of the light from the lamp is gi'eatly 
intensified. . ^ • t i *. 

Any suitable means may be provided to 
operate the ' light projecting apparatus so 
that the operator or aviator may transmit 85 
suitable signals. To this end I suggest the 
mechanism as shown best in Figs. 2, 3, and 
4:, wherein is shown a controller box 31. of 
seginenta:l form for convemence and^ pro- 
vided on its interior with a small low volt- 90 
age electric lamp 32 in circuit constantly 
mth a battery 33 or .other suitable source of 
energy. 34 indicates a controller qx switch 
handle connected to a shaft 35 journaled m. 
the controller box, the free end of the switch 95 
handle being movable in an drc of > circle 
over the face of said box,- the point ^4' of 
the handle" sweeping successively over disr 
: tinguishing color inserts 36% 36% 36% 36% .36% . 
36% and 36% which will be understood to 100 
correspond in character number, arid Ibca- 
tion to the wafers 29 aboye described. As 
indicated in Fig. 2 these inserts are. prefer- 
ably provided with legends directly thereon so 
that the meaning of. the diffeirent colors will 105 
■ always be apparent £b* the operator even 
though of limited experience,, and . whereby . 
ftlrthermore a distant observer of similar- 
signals may by a glance at his controller 
box similarly equipped, be advised infallibly 110 
as to th^ intention of the distant operator. 
The handle S4 is provided pjref erably with 
some suitable spring actuated catch 37 
adapted to snap successively into a series of 
sockets 38 fo^ed in the face of the control- 115 
ler box- so" that the handle will always be 
held at any d^ared ^adjustment \ . 

Within the box 31 is located) an arc- 
shaped . contact carrier 39 . made preferably 
of insulation and carrying a pair of .con- 120 
tacts 40 for each color signal. Attached 
to the axle 35 of the switch handle , is a 



switch arm 41 carrying a pair of spnng- 
actuated contacts 42 always in electrical 
communication with each other and con- 126. 
stituting a bridge between the nonnally. 
spaced contacts 40 of the several pairs of 
contacts on the bar 39. In each light cas: 
ing are aiTanged a series of selective elec- 
tromagnets 43, shown aa seven in number, 130 
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and identified herein with the distiiiguish- 
, ing- characters 43^, 43', 43^ 43^ 43^ arid 
43^5 corresponding in number, character, and 
order to the other distinguishing color fea- 
.6 tures;. These magnets 43 are adapted- to be 
brought, successively into' circuit with the 

• battery 33 or any other suitable source of 
energy, the means shown comprising a con- 
ductor 44'leading from one side of the. bat- 

10. tery to the several; paii-s of fixed contacts 40, 
thence tlirough.the selective conductoi's 45», 
45S, 45^ 45S 45^ 45^, and 45p, thi-ough the 
. corresponding pairs of magnets" and thence 
through a trunk conductor 46. back to the 

15 battery. The magnets 43. act succiessively 
upon an armature 47 fixed to the- end of an 
arm 48 . journaled upon a stud 49 and to 
which arm is attached a master gear. 50 hav- 
ing constant mesh, with" the corresponding 

20 gear 51 fixed to" the" lower end of the. shaft 

• 18 of the crown gear' iri: each light casing. 
It will be understood that the Jength of the 
arm 48 and arc through which it operates-the 
several gears operated thei:efrom are so de- 

26- signed -as to cause" rotation of the several 
shutters in accordance y^ith the circumferen- 
tial spacings between the color wafers/car- 
ried by the shutters. . 

.. The position of the switch handle, and 
. 30 other parts, the location of which is jdeter-. 

• mined thereby, as shown in the drawings, is 

• at the clear indication or to indicate the f or- 
ward .inoyement . of ithe .vehicle. Under these 
conditions, the arinature 47.' as. well as the 

.35 SAvitch handle is in. its mid position and all 
of tlTe wafers 29'' are effective or are lo- 
. • cated between the lamp 16 and all of the 
windows, or bulPs eyes of as many light 
, ■ units as may be employed. . The lamp 16 
•40 consequently is glowing, arid clear light iS 
■ being' projected. Between each pair or. con- 
tacts 40 and the next is ia ^ead S:pdt and sp. 

■ . if desired the switch handle may 'be 'moved 

to any dead spot -with .the result that the 
45 lamp 16 is cut out and the- magnets are all 
dead. The operator then desiring to pro- 
ject any color or light, indicated and named 
on his chart or control box will .grasp the 
handle 34 and. swing it. around its axis 35 
,50 so as to point directly to the center of the 

• corresponding color insert 36. During this 
movement, two conditions , obtain: First, 

. since the first pair of contacts 40 are bridged 
during this movement of the switch handle 
55 the . circuit pertaining thereto will be com- 
. pleted and a flash of distinct color will be 
projected fvom the light casings. If the 
handle is being moved through a consider- 
able flistance there will correspondingly be 
60 a succession of diffei-ent colored flashes 
Avhich will have the efffect of calling atten- 

■ tion of the observer to tlie fact that the oper- 
ator. is changing his light indication. The 

. .se^sond result of this step by step actuation'- 
85 of the handle' will be to successively- ener- 



gize the intermediate magnets 43 whereby 
the. armature 47 will be actuated; from one 
ma^et to the next making the magnets ef- 
fective to. swing the arm 48 irirespective of 
the distance from th6 starting pomt . to the 70 
mtended position of the switch handle. " . 

The .signaling apparatus herein described 
and illustrated ist pf relatively simple con- 
• structioii, eiisy to- understand and manipu- 
. late, and is excfeedingly effective in prac- 75 
tice. The slcill or effort on the part of the 
operator is* limited ty the movement of "the 
. handle 34 over the tixc arrangement of color 
".inserts and. Jiis ability 'to read, the legends 
. ttiereon. In the movement of the handle 34 80 
froin one position, to ajiother the operator 
can always appreciate the snapping of the 
, catch* 37' into a socket 38 and thereby will 
laiqw that he . is either giving a signaling 
indication or that, his apparatus is at an 85 
intermediate _ dead point. TOiile the small 
lamp 32 . is I'indicated^ herein as . being in • 
constant circuit so that all of th^ color, ip- 
serts are constantly illumihaj;ed, -it is obvi- 
ous that saiH^a'mp might be arranged sinii- 90 
larly in the several circuits 45 with the 
lamp 16 .so as to illuminate only one of said 
inserts' and thus, give the operator , positive 
knowledge by this appearance of the selected 
insert as to the condition of his light pro- 95 
jectors.' . . ■ 

I claim: • . • ' . 
' l>.In signal mechanism, a casing having 
a plurality of windows, all of said windows 
except one having their axes lying in the 100 
same plane while the axis of the remaining 
window is perpendicular to said plane, a 
source of light at the intersection of said 
axes, a series of movable shutters located be- 
tween tlie source of light and the r^pective 105 
windows, each of 3aid shutters comprisiW a 
plurality of distinctive color wafers, the' 
wafers of the several shitttere being ar- ■ • 
riinged in the same manner, and means to • 
move the several shutters simultaneously so llO 
as to bring like colored wafei-s between' the 
source, of light and all of tlie windows. 
. 2. In signal mechanism, the combination 
of a casing having a plurality" of lateral 
wmdoAvs having intemcting axes, and aiir 115 
other \vindow whose axis is perpendicular to " 
and intellects the axes of the other windows ' 
ft. source of light at the point .of intersection 
of all of the axes of the windows, a series of 
rotary shutters having correspondingly ar- 120 
ranged selective color wafei-s adapted to be 
brought in succession between the source of 
light and the respective windows, and means 
to rotate all of said shutters simultaneously 
so as to bring similarly colored wafers of ail 125 
of them simultaneously into the axes of the • 
several windows whereby similar light" ravs 
will be projected from the casing through ail 
of the.windo.ws. . ■ • 
3. In signal mechanism, the combination 180 
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of casing having a plurality of windows, a 
source of light within the casing in the axes 
of the windows, means located between the 
source of light and the windows to intensify 
6 the effect of tho lidit, moyabl© shuttei-s each 

• having a series of light transmitting wafeis- 
of different coloi-s hetween the source of 
light. and the respective windows, the wafers 
of the several shutters being -similarl}' ar- 

iO ranged arid- of like color eacii to each, and 
means to move all of the sliutters simulta- 
neously in the same general direction and to 
the same extent* so as. to briuc simiLirly col- 
ored wafers of the several shuttere into posi- 

15- tion between tlie s'ource of light iind the sev- 

• eral windows. 

• 4. In signal meclianismj the cojnbination . 
of a casing having' a plurality of: windows 
having intersecting axes, a source of light 

20 within the casing at the point of intellection 
of the axes, a shutter in the i6vm of a rotary- 
disk located between the source of light and 

. each window and lying in- a plane perpendic- 
ular to the axis of such window, the axis of 

25 the shutter being spaced from the axis of its 
window, the several shutters having simi- 
larly arranged distinctive color wafers ar-. 
ranged cii*cumferentially. between the cen- 
ters and the peripheries of the shutters, and 

80 actuating means serving to rotate all of the 
shutters simultaneously and so bring and 
hold wafers of like color in all of the shut-: 
ters in the window a^es aforesaid. 
'5. In signal mechanismj the combination 



of a casing, a rigid base supporting the cas- S5 
ing, a frame fixed to the.hase, a series of 
shutters j.ourixaled for- rotation around fixed 
bearings in the frame, each shutter carrying 
a series of distinctive color wafers, a crown 
gear journaled in- the base, means to. rotate 40 
the gear through different lengths of arcs, • 
connections between the crown gear, and the 
several shutters serving to cause the shut- 
ters to be rotated in similar directions and 
to the same extents so as to bring like colored 45 
wafere into action, and means to transmit 
light through all of the wafers so located. 

6. In visible signal mechanism, the com- 
bination of a casing having a plurality of 
windows with intersecting axes, an electric 50 
lamp located at the point of intersection of . 
said axes, a movable shuttef between the 
lamp and each window, each shutter having, 
a seriiBS of distinctive, color wafers, the 
wafers of the several shutters being of like 65 
chai^cter; each to each,, and similarly, arr 
ranged in the several series, the lamp being 
located in normally open circuit, with a 
souixe of energy, a series of selective means, 
to close said circuit to light the lamp, and 60 
power means of a selective nature simulta- 
neously actuated on. the closing of said cir- 
cuit to cause movement of all of the shutters . 
so as to cause the light from the lamp to .be 
yielded simultaneously through wafers of 66 
like color in all of the shutters. 

EBBIT G. BALCH. ' 
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